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THERAPEUTIC POLYPEPTIDES, HOMOLOGUES THEREOF, FRAGMENTS THEREOF 
AND FOR USE IN MODULATING PLATELET-MEDIATED AGGREGATION 

5 BACKGROUND TO THE INVENTION 

Upon damage to a blood vessel, subendothelial structures are exposed that mediate platelet 
adhesion through interaction with von Willebrand factor (vWF). vWF forms a bridge between 
collagen within the damaged vessel wall and the platelet receptor glycoprotein lb (gplb), an 
interaction especially important under high shear conditions, leading to the formation of a 

10 haemostatic plug and thus preventing excessive bleeding (Bennett S, Thromb Haemost 
(2001) Mar;85(3):395-400). During normal haemostasis, these processes lead to wound 
healing of the damaged blood vessel wall. In pathological conditions however, excessive 
platelet function may lead to thrombus formation. The vWF subunit is composed of several 
homologues domains each covering different functions. vWF interacts through its A3 domain 

15 with fibrillar collagen fibers and through its A1 domain with the platelet receptor gplb. Under 
normal conditions platelets and vWF do not interact. However, when vWF is bound to 
collagen at high shear rate, it is believed to undergo a conformational change allowing its 
binding with the platelet receptor gplb. This reversible adhesion allows platelets to roll over 
the damaged area, which is then followed by a firm adhesion through the collagen receptors 

20 on the platelets (gpla/lla, gpVI, gpIV, p65, TIIICBP) resulting in platelet activation. This leads 
to activation of the gpllb/llla receptor, fibrinogen binding, and finally to platelet aggregation. 

Platelet aggregation inhibitors have been isolated from blood sucking organisms such as 
leech. Saratin, derived from leech Hirudo medicinalis is described in WO 02/15919 A2 and in 
25 Cruz CP et al ref. Saratin, an inhibitor of von Willebrand factor-dependent platelet adhesion, 
decreases platelet aggregation and intimal hyperplasia in a rat carotid endarterectomy model. 
Journal of Vascular Surgery, 2001 , 34: 724-729 and in Smith TP et af, Saratin, an inhibitor of 
collagen-platelet interaction, decreases venous anastomotic intimal hyperplasia in a canine 
dialysis access model, Vase Endovascular Surg. 2003 Jul-Aug;37(4):259-69. 

30 

Antibody-based therapeutics have been developed, some of which are currently used in 
therapy. 
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Abciximab (Chimeric 7E3 Fab; ReoPro; US 6,071,514, EP 0 882 453), the Fab fragment of 
the mouse human chimeric antibody 7E3 which inhibits ligand binding to the platelet gpllb/llla 
receptor, was approved for human use as adjunctive therapy to prevent ischemic 
complications of percutaneous coronary interventions in December 1994. The principle safety 
5 issue with gp llb/llla inhibitors is the risk of bleeding, as the potent anti-platelet effect of these 
drugs may adversely affect haemostasis. 

A murine monoclonal antibody was developed against vWF A1 domain (US 2002/0028204 
A1 ; US 6,280,731 and in WO 00/10601) and against its active conformation (US 6,251,393). 
0 The in vivo efficacy is described in Kageyama S, et al :"Effect of a humanized monoclonal 
antibody to von Willebrand factor in a canine model of coronary arterial thrombosis", Eur J 
Pharmacol 2002 May 17;443(1-3):143-9, and in "Anti-human vWF monoclonal antibody, 
AJvW-2 Fab, inhibits repetitive coronary artery thrombosis without bleeding time prolongation 
in dogs". Thromb Res. t 2001 Mar 1;101(5):395-404. and in "Anti-human von willebrand factor 
monoclonal antibody AJvW-2 prevents thrombus deposition and neointima formation after 
balloon injury in guinea pigs". Arterioscler Thromb Vase Biol. 2000 Oct;20(10):2303-8). 
AJvW-2 inhibited high shear stress induced aggregation of human platelets and had no effect 
on low shear stress induced platelet aggregation. 

The effects in baboons of a murine antibody 82D6A3 raised against the A3 domain of human 
vWF, are disclosed in WO 02/051351, and Dongmei Wu et al, "Inhibition of the von 
Willebrand (VWF)-collagen interaction by an antihuman VWF monoclonal antibody results in 
abolition of in vivo arterial platelet thrombus formation in baboons". Hemostasis, thrombosis 
and vascular biology, 2002, 99: 3623-3628. 

Antibody 6B4 is a monoclonal antibody (MoAb) raised against purified human gplb. MoAb 
6B4 inhibits both ristocetin- and botrocetin-induced, vWF-dependent human platelet 
agglutination. MoAb 6B4 furthermore blocks shear-induced adhesion of human platelets to 
collagen I. When injected into baboons, intact IgG and its F(ab')(2) fragments caused almost 
immediate thrombocytopenia, due to the bivalency of F(ab')(2) which mediates platelet 
crosslinking, or FcrFc receptor interactions which mediate activation of platelet aggregation 
(WO 0110911; Cauwenberghs N. et al, Arteriosclerosis, Thrombosis and Vascular biology, 
2000, 20: 1347 and see, for example, Cadroy Y et al, Blood, 1994, 83: 3218-3224, Becker BH 
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et al, Blood, 1989, 74: 690-694, Ravanat C. et al, Thromb. Haemost. 1999 , 82 : 528a 
abstract). Platelet deposition onto collagen-rich bovine pericardium was inhibited when Fab 
fragments were injected into the baboons before a thrombus was generated. However, when 
the Fab fragments were injected after a thrombus was allowed to form, no inhibition of further 
thrombosis was observed. The yields of expression of said Fab molecules are very low and 
the method of production is very labour intensive. 

THE AIMS OF THE PRESENT INVENTION 

An aim of the present invention is to provide polypeptides comprising one or more single 
domain antibodies directed towards vWF, vWF A1 domain, A1 domain of activated vWF, 
vWF A3 domain, gplb and/or collagen, homologues of said polypeptides, and/or functional 
portions of said polypeptides, for the treatment for conditions which require a modulation of 
platelet-mediated aggregation and which overcomes the problems of the prior art. It is a 
further aim to provide methods of production of said polypeptides, methods to coat devices 
with such polypeptides used in medical procedures (e.g. PCTA, stenting), methods and kits 
for screening for agents that modulate platelet-mediated aggregation and kits for the 
diagnosis of diseases related to platelet-mediated aggregation 

SUMMARY OF THE INVENTION 

Single domain antibodies have been made which specifically recognize target molecules 
involved in the first and subsequent steps of platelet aggregation. This results in anti- 
thrombotic agents which are more efficacious and safer. 

One embodiment of the present invention is a polypeptide construct comprising: 

at least one single domain antibody directed against any of vWF, vWF A1 domain, A1 
domain of activated vWF, vWF A3 domain, gplb, or collagen. 

Another embodiment of the present invention is a polypeptide construct as described above, 
wherein the single domain antibody directed against the A1 domain of activated vWF 
specifically recognizes the activated vWF conformation at the site of thrombus formation but 
does not bind to circulating unactivated forms of vWF. 
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Another embodiment of the present invention is a polypeptide construct as described above, 
further comprising at least one single domain antibody directed against one or more serum 
proteins. 

Another embodiment of the present invention is a polypeptide construct as described above 
wherein said at least one serum protein is any of serum albumin, serum immunoglobulins, 
thyroxine-binding protein, transferring, or fibrinogen or a fragment thereof. 

Another embodiment of the present invention is a polypeptide construct as described above, 
wherein at least one single domain antibody directed against one or more serum proteins 
corresponds to a sequence represented by any of SEQ ID NO: 16 to 19 and 49 to 61. 

Another embodiment of the present invention is a polypeptide construct as described above 
corresponding to a sequence represented by any of SEQ ID NOs: 13 to 15 and 42 to 45. 

Another embodiment of the present invention is a polypeptide construct as described above 
wherein at least one single domain antibody is a humanised sequence. 

Another embodiment of the present invention is a polypeptide construct as described above 
wherein at least one single domain antibody corresponds to a sequence represented by any 
of SEQ ID NOs: 38 to 41 and 42 to 45 

Another embodiment of the present invention is a polypeptide construct as described above 
corresponding to a sequence represented by any of SEQ ID NOs: 8 to 12, 20 to 22, 32 to 34, 
and 42 to 47. 

Another embodiment of the present invention is a polypeptide construct as described above 
wherein at least one single domain antibody is a Camelidae VHH antibody. 

Another embodiment of the present invention is a polypeptide construct as described above 
wherein at least one single domain antibody corresponds to a sequence represented by any 
of SEQ ID NOs: 1 to 7, 23 to 31 , 35 to 37 and 62 to 65. 
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Another embodiment of the present invention is a polypeptide construct as described above, 
wherein said single domain antibody is an homologous sequence, a functional portion, or a 
functional portion of an homologous sequence of the full length single domain antibody. 

Another embodiment of the present invention is a polypeptide construct as described above, 
wherein said polypeptide construct is a homologous sequence of said polypeptide construct, 
a functional portion thereof, of an homologous sequence of a functional portion thereof. 

Another embodiment of the present invention is a nucleic acid encoding a polypeptide 
construct as described above. 

Another embodiment of the present invention is a composition comprising a polypeptide 
construct as described above and at least one thrombolytic agent, for simultaneous, 
separate or sequential administration to a subject. 

Another embodiment of the present invention is a composition as described above wherein 
said thrombolytic agent is any of staphylokinase, tissue plasminogen activator, streptokinase, 
single chain streptokinase, urokinase and acyl plasminogen streptokinase complex. 

Another embodiment of the present invention is a polypeptide construct as described above, 
or a nucleic acid as described above, or a composition as described above for use in the 
treatment, prevention and/or alleviation of disorders relating to platelet-mediate aggregation 
or dysfunction thereof. 

Another embodiment of the present invention is a use of a polypeptide construct as described 
above, or a nucleic acid as described above, or a composition as described above for the 
preparation of a medicament for the treatment, prevention and/or alleviation of disorders 
relating to platelet-mediate aggregation or dysfunction thereof. 

Another embodiment of the present invention is a polypeptide construct, nucleic acid or 
composition as described above or a use of a polypeptide construct, nucleic acid or 
composition as described above wherein said disorders are any arising from transient 
cerebral ischemic attack, unstable or stable angina, angina pectoris, cerebral infarction, 
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myocardial infarction, peripheral arterial occlusive disease, restenosis, coronary by-pass 
graft, or coronary artery valve replacement and coronary interventions such angioplasty, 
stenting, carotid endarterectomy or atherectomy. 

Another embodiment of the present invention is a polypeptide construct, nucleic acid or 
composition as described above or a use of a polypeptide construct, nucleic acid or 
composition as described above wherein said disorders are any of the formation of a non- 
occlusive thrombus, the formation of an occlusive thrombus, arterial thrombus formation, 
acute coronary occlusion, restenosis, restenosis after PCTA or stenting, thrombus formation 
in stenosed arteries, hyperplasia after angioplasty, atherectomy or arterial stenting, occlusive 
syndrome in a vascular system or lack of patency of diseased arteries. 

Another embodiment of the present invention is a polypeptide construct, nucleic add or 
composition as described above or a use of a polypeptide construct, nucleic acid or 
composition as described above wherein said disorder is plaque or thrombus formation in 
high sheer environments. 

Another embodiment of the present invention is a polypeptide construct, nucleic acid or 
composition as described above or a use of a polypeptide construct as described above 
wherein said polypeptide construct is administered intravenously, subcutaneously, orally, 
sublingual^, topically, nasally, vaginally, rectally or by inhalation. 

Another embodiment of the present invention is a composition comprising a polypeptide 
construct as described above or a nucleic acid encoding said polypeptide construct, or a 
composition as described above and a pharmaceutical^ acceptable vehicle. 

Another embodiment of the present invention is a method of producing a polypeptide as 
described above, comprising 

(a) culturing host cells comprising nucleic acid capable of encoding a polypeptide as 
described above under conditions allowing the expression of the polypeptide, and, 

(b) recovering the produced polypeptide from the culture. 
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Another embodiment of the present invention is a method as described above, wherein said 
host cells are bacterial or yeast. 

Another embodiment of the present invention is a method for treating invasive medical 
devices to prevent platelet-mediate aggregation around the site of invasion comprising the 
step of coating said device with a polypeptide construct as described above. 

Another embodiment of the present invention is an invasive medical device for circumventing 
platelet-mediate aggregation around the site of invasion, wherein said device is coated with a 
polypeptide construct as described above. 

Another embodiment of the present invention is a method of identifying an agent that 
modulates platelet-mediated aggregation comprising 

(a) contacting a polypeptide construct as described above with a polypeptide corresponding 
to its target, or a fragment thereof, in the presence and absence of a candidate modulator 
under conditions permitting binding between said polypeptides, and 

(b) measuring the binding between the polypeptides of step (a), wherein a decrease in 
binding in the presence of said candidate modulator, relative to the binding in the absence of 
said candidate modulator identified said candidate modulator as an agent that modulate 
platelet-mediated aggregation. 

Another embodiment of the present invention is a kit for screening for agents that modulate 
platelet-mediated aggregation according to the method as described above. 

Another embodiment of the present invention is an unknown agent that modulates platelet- 
mediated aggregation identified according to the method as described above. 

Another embodiment of the present invention is a method of diagnosing a disease or disorder 
characterised by dysfunction of platelet-mediated aggregation comprising the steps of: 

(a) contacting a sample with a polypeptide construct as described above, and 

(b) detecting binding of said polypeptide construct to said sample, and 
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(c) comparing the binding detected in step (b) with a standard, wherein a difference in binding 
relative to said sample is diagnostic of a disease or disorder characterised by dysfunction of 
platelet-mediated aggregation. 

5 Another embodiment of the present invention is a kit for screening for diagnosing a disease or 
disorder characterised by dysfunction of platelet-mediated aggregation according to the 
method as described above. 

Another embodiment of the present invention is a kit as described above comprising a 
10 polypeptide construct as described above. 

DETAILED DESCRIPTION 

The present invention relates to a polypeptide construct comprising one or more single 
domain antibodies each directed against a target and the finding that the construct has a 
15 modulating effect on platelet-mediated aggregation. 

Targets 

According to the invention, a target is any of vWF, vWF A1 domain, A1 domain of activated 
vWF, vWF A3 domain, gplb or collagen. Said targets are mammalian, and are derived from 
20 species such as rabbits, goats, mice, rats, cows, calves, camels, llamas, monkeys, donkeys, 
guinea pigs, chickens, sheep, dogs, cats, horses, and preferably humans. The sequence of 
human vWF is provided in Table 30, SEQ ID NO: 48. 

A target is also a fragment of vWF, vWF A1 domain, A1 domain of activated vWF, vWF A3 
25 domain, gplb or collagen, capable of eliciting an immune response. A target is also a 
fragment of vWF, vWF A1 domain, A1 domain of activated vWF, vWF A3 domain, gplb or 
collagen, capable of binding to a single domain antibody raised against the 'parent 1 full length 
target. 

30 A fragment as used herein refers to less than 100% of the sequence (e.g., 99%, 90%, 80%, 
70%, 60%, 50%, 40%, 30%, 20%, 10% etc.), but comprising 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or more amino acids. A fragment is of sufficient length 
such that the interaction of interest is maintained with affinity of 1 x 10" 6 M or better. 
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A fragment as used herein also refers to optional insertions, deletions and substitutions of 
one or more amino acids which do not substantially alter the ability of the target to bind to a 
single domain antibody raised against the wild-type target. The number of amino acid 
insertions deletions or substitutions is preferably up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 
39, 40, 41 , 42, 43, 44, 45, 46, 47, 48, 49, 50, 51 , 52, 53, 54, 55, 56, 57, 58, 59, 60, 61 , 62, 63, 
64, 65, 66, 67, 68, 69 or 70 amino acids. 

A single domain antibody directed against a target means single domain antibody that it is 
capable of binding to its target with an affinity of better than 10" 8 M. 

Single domain antibodies 

Single domain antibodies are antibodies whose complementary determining regions are part 
of a single domain polypeptide. Examples include, but are not limited to, heavy chain 
antibodies, antibodies naturally devoid of light chains, single domain antibodies derived from 
conventional 4-chain antibodies, engineered antibodies and single domain scaffolds other 
than those derived from antibodies. Single domain antibodies may be any of the art, or any 
future single domain antibodies. Single domain antibodies may be derived from any species 
including, but not limited to mouse, human, camel, llama, goat, rabbit, bovine. According to 
one aspect of the invention, a single domain antibody as used herein is a naturally occurring 
single domain antibody known as heavy chain antibody devoid of light chains. Such single 
domain antibodies are disclosed in WO 9404678 for example. For clarity reasons, this 
variable domain derived from a heavy chain antibody naturally devoid of light chain is known 
herein as a VHH or nanobody to distinguish it from the conventional VH of four chain 
immunoglobulins. Such a VHH molecule can be derived from antibodies raised in Camelidae 
species, for example in camel, llama, dromedary, alpaca and guanaco. Other species 
besides Camelidae may produce heavy chain antibodies naturally devoid of light chain; such 
VHHs are within the scope of the invention. 

VHHs, according to the present invention, and as known to the skilled addressee are heavy 
chain variable domains derived from immunoglobulins naturally devoid of light chains such as 
those derived from Camelidae as described in WO9404678 (and referred to hereinafter as 
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VHH domains or nanobodies). VHH molecules are about 10x smaller than IgG molecules. 
They are single polypeptides and very stable, resisting extreme pH and temperature 
conditions. Moreover, they are resistant to the action of proteases which is not the case for 
conventional antibodies. Furthermore, in vitro expression of VHHs produces high yield, 
properly folded functional VHHs. In addition, antibodies generated in Camelids will recognize 
epitopes other than those recognised by antibodies generated in vitro through the use of 
antibody libraries or via immunisation of mammals other than Camelids (WO 9749805). As 
such, anti-albumin VHH's may interact in a more efficient way with serum albumin which is 
known to be a carrier protein. As a carrier protein some of the epitopes of serum albumin 
may be inaccessible by bound proteins, peptides and small chemical compounds. Since 
VHH's are known to bind into 'unusual 1 or non-conventional epitopes such as cavities 
(WO9749805), the affinity of such VHH's to circulating albumin may be increased. 

Classes of VHH 

The present invention further relates to a polypeptide construct, wherein a single domain 
antibody is a VHH directed to a target mentioned herein, wherein the VHH belongs to a class 
having human-like sequences. The class is characterised in that the VHHs carry an amino 
acid from the group consisting of glycine, alanine, valine, leucine, isoleucine, proline, 
phenylalanine, tyrosine, tryptophan, methionine, serine, threonine, asparagine, or glutamine 
at position 45, such as, for example, L45 according to the Kabat numbering. A VHH 
sequence represented by SEQ ID NO: 1 and SEQ ID NO: 3 which bind to vWF, belong to this 
human-like class of VHH polypeptides. As such, peptides belonging to this class show a high 
amino acid sequence homology to human VH framework regions and said peptides might be 
administered to a human directly without expectation of an unwanted immune response 
therefrom, and without the burden of further humanisation. 

Therefore, one aspect of the present invention allows for the direct administration of a 
polypeptide construct comprising one or more single domain antibodies corresponding to a 
sequence represented by any of SEQ ID NOs: 1 and 3 to a patient in need of the same. 

Another human-like class of Camelidae single domain antibodies represented by SEQ ID No. 
16 and 18 have been described in WO 03/035694 and contain the hydrophobic FR2 residues 
typically found in conventional antibodies of human origin or from other species, but 
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compensating this loss in hydrophilicity by a number of residues such as the charged arginine 
residue, serine or uncharged residues such as glycine at position 103 that substitutes the 
conserved tryptophan residue present in VH from double-chain antibodies. As such, peptides 
belonging to these two classes show a high amino acid sequence homology to human VH 
framework regions and said peptides might be administered to a human directly without 
expectation of an unwanted immune response therefrom, and without the burden of further 
humanisation. 

Any of the VHHs as used by the invention may be of the traditional class or of the classes of 
human-like Camelidae antibodies. Said antibodies may be directed against whole targets or a 
fragment thereof. These polypeptides include the full length Camelidae antibodies, namely Fc 
and VHH domains, chimeric versions of heavy chain Camelidae antibodies with a human Fc 
domain. 

The one or more single domain antibodies of the polypeptide construct which are directed 
against a target may be of the same sequence. Alternatively they may not all have the same 
sequence. It is within the scope of the invention that a polypeptide construct comprises anti- 
target single domain antibodies which do not all share the same sequence, but which are 
directed against the same target, or fragment thereof, one or more antigens thereof. 

It is another aspect of the invention that the polypeptide construct comprises two or more 
single domain antibodies, wherein any two single domain antibodies are directed against 
different targets i.e. against any of vWF, vWF A1 domain, A1 domain of activated vWF, vWF 
A3 domain, gplb and collagen. 

Another aspect of the invention is a bispecific polypeptide construct comprising a single 
domain antibody directed against vWF A1 domain, A1 domain of activated vWF, and another 
single domain antibody directed against vWF A3 domain. Said bispecific polypeptide 
construct inhibits the interaction between vWF and collagen, and the interaction between 
vWF and platelets. 

According to an aspect of the present invention a polypeptide construct may comprise two or 
more single domain antibodies which have been joined. The single domain antibodies may be 



WO 2004/062551 



PCT7BE2004/000002 



12 

identical in sequence and directed against the same target or antigen. Depending on the 
number of VHHs linked, a multivalent VHH may be bivalent (2 VHHs), trivalent (3 VHHs), 
tetravalent (4 VHHs) or have a higher valency molecules. 

5 The present invention also relates to the finding that a polypeptide construct as disclosed 
herein further comprising one or more single domain antibodies each directed against a 
serum protein of a subject, surprisingly has significantly prolonged half-life in the circulation of 
said subject, compared with the half-life of the anti-target single domain antibody(ies) when 
not part of said construct. Furthermore, the said constructs were found to exhibit the same 
10 favourable properties of VHHs such as high stability remaining intact in mice, extreme pH 
resistance, high temperature stability and high target affinity. 

Examples of such constructs are represented by SEQ ID No. 13 to 15, which comprise anti- 
vWF VHH and anti-mouse serum albumin VHH. 

15 

Therefore, another embodiment of the present invention is a polypeptide construct 
corresponding to a sequence represented by any of SEQ ID NOs: 13 to 15. 

Other examples of such constructs are represented by SEQ ID No. 42 to 45, which comprise 
20 humanized anti-vWF VHH and anti-mouse serum albumin VHH. 

Therefore, another embodiment of the present invention is a polypeptide construct 
corresponding to a sequence represented by any of SEQ ID NOs: 42 to 45. 

25 The serum protein may be any suitable protein found in the serum of subject, or fragment 
thereof. In one aspect of the invention, the serum protein is serum albumin, serum 
immunoglobulins, thyroxine-binding protein, transferrin, or fibrinogen. Depending on the 
intended use such as the required half-life for effective treatment and/or 
compartimentalisation of the target antigen, the VHH-partner can be directed to one of the 

30 above serum proteins. 

Examples of single domain antibodies directed against serum albumin are the sequences 
represented by the sequences corresponding to any of SEQ ID NOs: 16 to 19 and 49 to 61. 
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Therefore another aspect of the invention is a polypeptide construct further comprising one or 
more anti-serum single domain antibodes, wherein the sequence of a anti-serum single 
domain antibody corresponds to any represented by SEQ ID NOs: 16 to 19 and 49 to 61. 

Such constructs are able to circulate in the subject's serum for several days, reducing the 
frequency of treatment, the inconvenience to the subject and resulting in a decreased cost of 
treatment. Furthermore, it is an aspect of the invention that the half-life of the polypeptide 
constructs disclosed herein may be controlled by the number of anti-serum protein single 
domain antibodies present in the construct. A controllable half-life is desirable in several 
circumstances, for example, in the application of a timed dose of a therapeutic polypeptide 
construct. 

Another embodiment of the present invention is a polypeptide construct as mentioned herein, 
further comprising a thrombolytic agent. 

Said thrombolytic agent may be non-covalently or covalently attached to a single domain 
antibody via covalent or non-covalent means. Such covalent means are described below. 
Non-covalent means include via a protein interaction such as biotin/strepavidin, or via an 
immunoconjugate. 

Alternatively, the thrombolytic agent may be administered simultaneous, separate or 
sequential in respect of a polypeptide construct of the invention. 

Another aspect of the invention is a composition comprising at least one polypeptide 
construct as disclosed herein and at least one thrombolytic agent, for simultaneous, separate 
or sequential administration to a subject. 

One aspect of the invention is a method for treating autoimmune disease comprising 
administering to an individual an effective amount of at least one polypeptide construct of the 
invention and at least one thrombolytic agent, simultaneously, separately or sequentially. 

Another aspect of the invention is a kit containing at least one polypeptide construct of the 
invention and at least one thrombolytic agent for simultaneous, separate or sequential 
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administration to a subject. It is an aspect of the invention that the kit may be used according 
to the invention. It is an aspect of the invention that the kit may be used to treat the diseases 
as cited herein. 

5 By simultaneous administration means the polypeptide and thrombolytic agent are 
administered to a subject at the same time. For example, as a mixture or a composition 
comprising said components. Examples include, but are not limited to a solution administered 
intraveneously, a tablet, liquid, topical cream, etc., wherein each preparation comprises the 
components of interest. 

10 

By separate administration means polypeptide and thrombolytic agent are administered to a 
subject at the same time or substantially the same time. The components are present in the 
kit as separate, unmixed preparations. For example, the polypeptide and thrombolytic.agent 
may be present in the kit as individual tablets. The tablets may be administered to the subject 
1 5 by swallowing both tablets at the same time, or one tablet directly following the other. 

By sequential administration means the polypeptide and thrombolytic agent are administered 
to a subject sequentially. The polypeptide and thrombolytic agent are present in the kit as 
separate, unmixed preparations. There is a time interval between doses. For example, one 
20 component might be administered up to 336, 312, 288, 264, 240, 216, 192, 168, 144, 120, 
96, 72, 48, 24, 20, 16, 12, 8. 4, 2, 1, or 0.5 hours after the other component. 

In sequential administration, one component may be administered once, or any number of 
times and in various doses before and/or after administration of another component. 
25 Sequential administration may be combined with simultaneous or sequential administration. 

The medical uses of the polypeptide construct described below, also apply to the composition 
comprising a polypeptide construct as disclosed herein and at least one polypeptide 
thrombolytic agent, for simultaneous, separate or sequential administration to a subject as 
30 disclosed here above. 
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Thrombolytic agents according to the invention may include, for example, staphylokinase, 
tissue plasminogen activator, streptokinase, single chain streptokinase, urokinase and acyl 
plasminogen streptokinase complex. 

The single domain antibodies may be joined to form any of the polypeptide constructs 
disclosed herein comprising more than one single domain antibody using methods known in 
the art or any future method. For example, they may be fused by chemical cross-linking by 
reacting amino acid residues with an organic derivatisation agent such as described by 
Blattler et al t Biochemistry 24,1517-1524; EP294703. Alternatively, the single domain 
antibody may be fused genetically at the DNA level i.e. a polynucleotide construct formed 
which encodes the complete polypeptide construct comprising one or more anti-target single 
domain antibodies and one or more anti-serum protein single domain antibodies. A method 
for producing bivalent or multivalent VHH polypeptide constructs is disclosed in PCT patent 
application WO 96/34103. One way of joining multiple single domain antibodies is via the 
genetic route by linking single domain antibody coding sequences either directly or via a 
peptide linker. For example, the C-terminal end of the first single domain antibody may be 
linked to the N-termina! end of the next single domain antibody. This linking mode can be 
extended in order to link additional single domain antibodies for the construction and 
production of tri-, tetra-, etc. functional constructs. 

The polypeptide constructs disclosed herein may be made by the skilled artisan according to 
methods known in the art or any future method. For example, VHHs may be obtained using 
methods known in the art such as by immunising a camel and obtaining hybridoma's 
therefrom, or by cloning a library of single domain antibodies using molecular biology 
techniques known in the art and subsequent selection by using phage display. 

One aspect of the present invention relates to the finding that polypeptides represented by 
SEQ ID NOs: 1 to 7 as in Table 30 derived from Camelidae VHHs, bind to vWF and inhibit its 
interaction with collagen. 

Therefore, one embodiment of the present invention is a polypeptide construct wherein at 
least one single domain antibody corresponds to a sequence represented by any of SEQ ID 
NOs: 1 to 7. 
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Another embodiment of the present invention is a polypeptide construct corresponding to a 
sequence represented by any of SEQ ID NOs: 8 to 12. Said sequences correspond to 
monospecific polypeptide constructs (such as in SEQ ID No. 8 and 11) or heterospecific 
polypeptide constructs comprising VHHs of different sequences (such as in SEQ ID No. 9 f 10 
and 12), both directed against vWF. 

Another embodiment of the present invention a polypeptide construct comprising one or more 
single domain antibodies directed against vWF. 

Platelet aggregation is a very complex phenomenon and in an in vivo situation, the interaction 
of vWF with collagen only takes place at high shear as observed in small arteries. To assess 
platelet aggregation under high shear, the inventors performed perfusion experiments. 
Example 16 represents shear data obtained with the specific vWF-A3 binders SEQ ID No. 1 
to 12. This experiment is representative for the interactions that take place upon damage of 
the vessel wall in a small artery (for example during angioplasty). 

Surprisingly, monovalent VHH's perform very well in a platelet aggregation experiment under 
high shear 50% inhibition of platelet aggregation was obtained at a concentration between 
0.08 and 0.3 [ig/ml. In comparison, the IgG vWF-specific antibody inhibiting the interaction 
with collagen, 82D6A3, inhibits 50% of platelet aggregation at approximately a twenty-fold 
higher concentration (Vanhoorelbeke K. et a/ f Journal of Biological Chemistry, 2003, 278: 
37815-37821). These results were unexpected given that the IC50 values for the monovalent 
VHH's are up to 7 times fold worse in ELISA then the IC50 value of the IgG of 82D6A3. 

This clearly proves that the large size of said antibodies is not suited to interaction with 
macromolecules which are starting, or are in the process of aggregating, such as those 
involved in platelet-mediated aggregation. vWF forms multimers of up to 60 monomers (final 
multimers of up to 20 million dalton in size). Indeed, it has been shown that not all A3 
domains are accessible to 82D6A3 (Dongmei WU, Blood, 2002, 99, 3623 to 3628). 
Furthermore the large size of conventional antibodies, would restrict tissue penetration, for 
example, during platelet-mediated aggregation at the site of a damaged vessel wall. 
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Nanobodies have a unique structure that consists of a single variable domain. VHH 
molecules derived from Camelidae antibodies are among the smallest intact antigen-binding 
domains known (approximately 15 kDa, or 10 times smaller than a conventional IgG) and 
hence are well suited towards delivery to dense tissues and for accessing the limited space 
5 between macromolecules participating in or starting the process of platelet mediated 
aggregation. 

To our knowledge, this is the first time that experiments show, that the small size of a 
nanobody is advantagous over a large intact antibody for inhibition of interactions between 
10 such large macromolecules. 

Despite the small size of nanobodies, and thus advantages for penetration, it is still surprising 
that such a small molecule can inhibit interactions between large polymers such as vWF (up 
to 60 monomers) and collagen and with such a high efficiency. It has been described that 
15 only the large multimeric forms of vWF are hemostatically active (Furlan, M,. 1996, Ann. 
Hematol. 72:341-348). Binding of multimeric vWF to collagen occurs with -100-fold higher 
affinity than binding of monomelic vWF fragments. 

The results from the high shear experiments indicate that a lower dose may be administered 
20 to patients. Therefore, fewer side effects are expected (such as immunogenicity or bleeding 
problems). 

The present invention also relates to the finding that the polypeptides corresponding to a 
sequence represented by any of SEQ ID NOs 23 to 31 from single domain llama antibodies, 
25 bind to the A1 domain of vWF. 

Therefore, another embodiment of the present invention is a polypeptide construct comprising 
one or more single domain antibodies, wherein at least one single domain antibody 
corresponds to a sequence represented by any of SEQ ID NOs: 23 to 31 . 

30 

Another embodiment of the present invention a polypeptide construct corresponding to a 
sequence represented by any of SEQ ID NOs: 32 to 34. Said sequences correspond to 
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bivalent polypeptide constructs comprising VHHs of the same sequences, both directed 
against vWF A1 domain. 

The inventors have performed perfusion experiment a flow chamber, to study the effect of 
polypeptide constructs comprising sequences represented by SEQ ID NOs: 23 to 31 upon 
platelet aggregation under high shear. Example 25 provides shear data obtained with the 
specific vWF-A1 binders SEQ ID No. 23 to 31 

The present invention also relates to the finding that the polypeptides corresponding to a 
sequence represented by any of SEQ ID NOs 62 to 65 from single domain llama antibodies, 
bind selectively to the A1 domain of the active conformation of vWF (such as after being 
bound to collagen) rather than to freely circulating unactivated vWF. This results in 
antithrombotic agents that are both safer and more efficacious. As used herein, "selective 
binding" in reference to vWF A1 domains means that the llama antibodies have at least a 
tenfold and preferably a hundredfold greater affinity for the active conformation of vWF 
compared to the unactivated form. 

Therefore, another embodiment of the present invention is a polypeptide construct comprising 
one or more single domain antibodies, wherein at least one single domain antibody 
corresponds to a sequence represented by any of SEQ ID NOs: 62 to 65. 

In another embodiment of the present invention, a polypeptide construct comprises one or 
more single domain antibodies directed to the same target, and further comprises one or 
more single domain antibodies directed to the same target but to a different epitope in the 
same domain. 

For example, the sequences represented by SEQ ID NOs: 9, 10 and 12 are heterospecific 
polypeptide constructs comprising VHHs directed to different epitopes in the A3 domain of 
vWF. Therefore, another embodiment of the present invention a polypeptide construct 
corresponding to a sequence represented by any of SEQ ID NOs: 9, 10 and 12. 

Another embodiment of the present invention is a polypeptide construct wherein the number 
of single domain antibodies directed to the same target is two or more. 
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The sequences represented by SEQ ID NOs: 8 and 11 are polypeptide constructs comprising 
VHHs directed to the same epitopes in the A3 domain of vWF, wherein the both VHHs have 
identical sequences. Therefore, another embodiment of the present invention is a polypeptide 
5 construct corresponding to a sequence represented by any of SEQ ID NOs: 8 and 1 1 . 

In another embodiment of the present invention, a polypeptide construct comprises one or 
more single domain antibodies directed to one domain of the same target, and one or more 
single domain antibodies directed to the same target but to another domain of the same 
1 0 target. Examples of different domains might be the A1 and A3 domains of vWF 

In another example, the sequences represented by SEQ ID NOs: 20, 21 and 22 are 
heterospecific polypeptide constructs comprising VHHs directed to epitopes on different 
domains of vWF i.e. A1 and A3 of vWF. Therefore, another embodiment of the present 
15 invention is a polypeptide construct corresponding to a sequence represented by any of SEQ 
ID NOs: 20, 21 and 22. 

It is aspect of the invention that at least one VHH directed to the A1 domain in a 
heterospecific polypeptide construct recognizes the active conformation of vWF. Such a VHH 
20 corresponds to a sequence represented by any of SEQ ID NOs: 62 to 65. 

Such polypeptide constructs may have superior anti-thrombotic effects compared to the 
monomeric VHH's. Perfusion experiment were performed in a flow chamber, to study platelet 
aggregation under high shear to. study the effects of these polypeptide constructs. Example 
25 30 represents shear data obtained with the heterospecific polypeptide construct comprising 
anti vWF-A1 VHH and anti-vWF-A3 VHH. 

The present invention also relates to the finding that the polypeptides represented by SEQ ID 
NOs 35 to 37 from single domain llama antibodies, bind to collagen type I and/or type III. 

30 

Therefore, another embodiment of the present invention is a polypeptide construct, wherein 
at least one single domain antibody corresponds to a sequence represented by any of SEQ 
ID NOs: 35 to 37. 
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In another embodiment of the present invention, a polypeptide construct comprises one or 
more single domain antibodies directed to the collagen I and/or type III, and one or more 
single domain antibodies directed to the same target but to a different epitope in the same 
domain. The sequences represented by 3P1-31J3P2-31 and 3L41_3P2-31 are 
heterospecific polypeptide constructs comprising VHHs directed to different epitopes in 
collagen type I. Therefore, another embodiment of the present invention a polypeptide 
construct corresponding to a sequence represented by any of SEQ ID NOs: 46 and 47. 

Another aspect of the invention is a polypeptide construct comprising one or more single 
domain antibodies directed to the platelet glycoprotein lb. 

A murine anti-human vWF monoclonal antibody, AJvW-2 (IgG), was developed that inhibited 
the interaction between platelet glycoprotein lb (gplb) and von Willebrand factor (vWF) during 
the ristocetin- and botrocetin- induced aggregation of human platelets (PCT application 
number WO 00/10601). AJvW-2 Fab, inhibits repetitive coronary artery thrombosis without 
bleeding time prolongation in dogs (Kageyama S et al, Thromb Res., 2001 Mar 1;101(5):395- 
404) and prevents thrombus deposition and neointima formation after balloon injury in guinea 
pigs (Kageyama S, et al, Arterioscler Thromb Vase Biol. 2000 Oct;20(10):2303-8). 

Antibody 6B4 is a monoclonal antibody (MoAb) raised against purified human gplb (PCT 
application number WO 01/10911 A2). When injected into baboons, intact IgG and its F(ab')2 
fragments caused almost immediate thrombocytopenia, due to the bivalency of F(ab')2 which 
mediates platelet crosslinking, or Fc:Fc receptor interactions which mediate activation of 
platelet aggregation (Cauwenberghs N. et al, Arteriosclerosis, Thrombosis and Vascular 
biology, 2000, 20: 1347 and see, for example, Cadroy Y et al, Blood, 1994, 83: 3218-3224, 
Becker BH et al, blood, 1989, 74: 690-694, Ravanat C. et al, Thromb. Haemost. 1999 , 82 : 
528a abstract). Platelet deposition onto collagen-rich bovine pericardium was inhibited when 
Fab fragments were injected into the baboons before a thrombus was generated. However, 
when the Fab fragments were injected after a thrombus was allowed to form, no inhibition of 
further thrombosis was observed. 

It was shown that the affinity of the Fab fragment for the gplb receptor on the platelet dropped 
by a factor of 10 as compared to the intact IgG or F(ab')2 (KD= 49.2 nM, 4.7 nM and 6.4 nM 
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respectively). Also the IC50 value for ristocetin-induced platelet aggregation was up to 10-fold 
worse for Fab as compared to IgG or F(ab')2 (IC50 of 40 nM, 4.5 nM and 7.7 nM 
respectively). 

It might be expected that the undesirable thrombocytopenia caused by Fc:Fc receptor 
mediated activation of platelet aggregation and/or F(ab , )2-mediated crosslinking of platelets 
which has been observed when using intact IgG or F(ab')2 therapeutically in vivo, will be 
avoided by the use of VHH, since VHH contains no Fc and it is not bivalent. No loss of affinity 
and activity will be obtained as observed with the Fab fragment of 6B4 as nanobodies are 
already single domain molecules. 

Humanised antibodies 

The discovery of naturally occurring single domain antibodies in llama, dromedary and camel 
revealed a new class of therapeutic molecules which combine the advantages of monoclonal 
antibodies for example specificity, low toxicity with the advantages of small molecules for 
example tissue penetration and stability. Unfortunately, the development of appropriate 
therapeutic products based on these proteins has the drawback of being Camelidae derived, 
and thus not human. Non-human proteins contain amino acid residues that can be 
immunogenic when injected into a human patient. Although studies have shown that 
Camelidae-deriveti VHH are not immunogenic when injected in mice, replacing Camelidae 
residues by human residues is preferable. These humanized polypeptides should be 
substantially non-immunogenic in humans, but retain the affinity and activity of the wild type 
polypeptide. 

By humanised is meant mutated so that immunogenicity upon administration in human 
patients is minor or nonexistent. Humanising a polypeptide, according to the present 
invention, comprises a step of replacing one or more of the Camelidae amino acids by their 
human counterpart as found in the human consensus sequence, without that polypeptide 
losing its typical character, i.e. the humanisation does not significantly affect the antigen 
binding capacity of the resulting polypeptide. 

The inventors have determined the amino acid residues of the antibody variable domain 
(VHH) which may be modified without diminishing the native affinity of the domain for antigen 
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and while reducing its immunogenicity with respect to a heterologous species; the use of 
VHHs having modifications at the identified residues which are useful for administration to 
heterologous species; and to the VHH so modified. More specifically, the invention relates to 
the preparation of modified VHHs, which are modified for administration to humans, the 
resulting VHH themselves, and the use of such "humanized" VHHs in the treatment of 
diseases in humans. 

The inventor have also found that humanization of VHH polypeptides requires the 
introduction and mutagenesis of only a limited number of amino acids in a single polypeptide 
chain without dramatic loss of binding and/or inhibition activity. This is in contrast to 
humanization of scFv, Fab, (Fab)2 and IgG, which requires the introduction of amino acid 
changes in two chains, the light and the heavy chain and the preservation of the assembly of 
both chains. 

A humanisation technique may be performed by a method comprising the replacement of any 
of the following residues either alone or in combination: FR1 positions 1, 5, 28 and 30, the 
hallmark amino acid at position 37, 44, 45 and 47 in FR2, FR3 residues 74, 75, 76, 83, 84, 93 
and 94 and positions 103, 104, 108 and 111 in FR4 ; numbering according to the Kabat 
numbering. Examples of such humanized sequences are given in Table 30, SEQ ID No. 2, 38 
to41. 

Polypeptides represented in example 63 and 64 have a high degree of homology to human 
germline VH DP-47. Further humanization required the introduction and mutagenesis of a 
limited amount of amino acids in a single polypeptide chain. This is in contrast to 
humanization of scFv, Fab, (Fab)2 and IgG, which requires the introduction of amino add 
changes in two chains, the light and the heavy chain and the preservation of the assembly of 
both chains. 

The polypeptides contain human-like residues in FR2. Humanization required mutagenesis of 
residues in FR1 at position 1 and 5 which were introduced by the primer used for repertoire 
cloning and do not occur naturally in the llama sequence. Mutagenesis of those residues did 
not result in loss of binding and/or inhibition activity. Humanization of FR1 also required 
mutagenesis of position 28 and 30. Mutagenesis of those residues also did not result in loss 
of binding and/or inhibition activity. 
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Humanization also required mutagenesis of residues in FR3 at position 74, 75, 76, 83, 84, 93, 
94. Mutagenesis of those residues did not result in loss of binding and/or inhibition activity. 

5 Humanization also required mutagenesis of residues in FR4 at position 104, 108 and 111. 
Mutagenesis of Q108L resulted in lower production level in Escherichia coli. Position 108 is 
solvent exposed in camelid VHH, while in human antibodies this position is buried at the VH- 
VL interface (Spinelli, 1996; Nieba, 1997). In isolated VHs position 108 is solvent exposed. 
The introduction of a non-polar hydrophobic Leu instead of polar uncharged Gin can have a 
10 drastic effect on the intrinsic foldability/stability of the molecule. 

One embodiment of the present invention is a method for humanizing a VHH comprising the 
steps of: 

(a) replacing of any of the following residues either alone or in combination: 
1 5 FR1 positions 1 , 5, 28 and 30, 

the hallmark amino acid at position 37, 44, 45 and 47 in FR2, 
FR3 residues 74, 75, 76, 83, 84, 93 and 94 , 
and positions 103, 104, 108 and 111 in FR4 ; 
numbering according to the Kabat numbering. 

Examples of such humanized sequences are given in Table 30, SEQ ID No. 2, 38 to 41 . 

The use of antibodies derived from sources such as mouse, sheep, goat, rabbit etc., and 
humanised derivatives thereof as a treatment for conditions which require a modulation of 
platelet-associated aggregation, is problematic for several reasons. Traditional antibodies are 
not stable at room temperature, and have to be refrigerated for preparation and storage, 
requiring necessary refrigerated laboratory equipment, storage and transport, which 
contribute towards time and expense. Refrigeration is sometimes not feasible in developing 
countries. The yields of expression of said Fab molecules are very low and the method of 
production is very labor intensive. Furthermore, the manufacture or small-scale production of 
said antibodies is expensive because the mammalian cellular systems necessary for the 
expression of intact and active antibodies require high levels of support in terms of time and 
equipment, and yields are very low. Furthermore, traditional antibodies have a binding activity 
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which depends upon pH, and hence are unsuitable for use in environments outside the usual 
physiological pH range such as, for example, in treating gastric bleeding, gastric surgery. 
Furthermore, traditional antibodies are unstable at low or high pH and hence are not suitable 
for oral administration. However, it has been demonstrated that camelid antibodies resist 
harsh conditions, such as extreme pH, denaturing reagents and high temperatures (Ewert S 
et al, Biochemistry 2002 Mar 19;41(1 1):3628-36), so making them suitable for delivery by oral 
administration. Furthermore, traditional antibodies have a binding activity which depends 
upon temperature, and hence are unsuitable for use in assays or kits performed at 
temperatures outside biologically active-temperature ranges (e.g. 37 ± 20°C). 

The polypeptide constructs represented by SEQ ID NOs: 1 to 47 and 49 to 65 and their 
derivatives not only possess the advantageous characteristics of conventional antibodies, 
such as low toxicity and high selectivity, but they also exhibit additional properties. They are 
more soluble, meaning they may be stored and/or administered in higher concentrations 
compared with conventional antibodies. They are stable at room temperature meaning they 
may be prepared, stored and/or transported without the use of refrigeration equipment, 
conveying a cost, time and environmental savings (described in example 61). Other 
advantageous characteristics as compared to conventional antibodies include short half-life in 
the circulation which may be modulated according to the invention by, for example, albumin- 
coupling, a bispecific nanobody with one specificity against albumin and the other against the 
target, Fc coupling, VHH coupling (bivalent VHHs) or by pegylation (described in example 41 
until 54). A short and controllable half-life is desirable for surgical procedures, for example, 
which require an inhibition of platelet-mediated aggregation for a limited time period. Also, 
when bleeding problems occur or other complications, dosage can be lowered immediately. 
The polypeptides of the present invention also retain binding activity at a pH and temperature 
outside those of usual physiological ranges, which means they may be useful in situations of 
extreme pH and temperature which require a modulation of platelet-mediated aggregation, 
such as in gastric surgery, control of gastric bleeding, assays performed at room temperature 
etc. The polypeptides of the present invention also exhibit a prolonged stability at extremes 
of pH, meaning they would be suitable for delivery by oral administration. The polypeptides of 
the present invention may be cost-effectively produced through fermentation in convenient 
recombinant host organisms such as Escherichia coli and yeast; unlike conventional 
antibodies which also require expensive mammalian cell culture facilities, achievable levels of 
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expression are high. Examples of yields of the polypeptides of the present invention are 1 to 
10 mg/ml (E. coli) and up to 1g/l (yeast). The polypeptides of the present invention also 
exhibit high binding affinity for a broad range of different antigen types, and ability to bind to 
epitopes not recognised by conventional antibodies; for example they display long CDR- 
based loop structures with the potential to penetrate into cavities and exhibit enzyme function 
inhibition. Furthermore, since binding often occurs through the CDR3 loop only, it is 
envisaged that peptides derived from CDR3 could be used therapeutically (Desmyter et a/., J 
Biol Chem, 2001, 276: 26285-90). The preparation of such peptide is described in Example 
65. The polypeptides of the invention are also able to retain full binding capacity as fusion 
protein with an enzyme or toxin. Furthermore, it might be expected that the undesirable 
thrombocytopenia caused by Fc:Fc receptor mediated activation of platelet aggregation 
and/or F(ab , )(2)-mediated crosslinking of platelets which has been observed when using 
intact IgG or F(ab , )(2) therapeutically in vivo (see Cauwenberghs N. et a/, Arteriosclerosis, 
Thrombosis and Vascular biology, 2000, 20: 1347), will be avoided in the use of VHH, since 
VHH contains no Fc and it is not bjvalent. Thus the polypeptides represented by SEQ ID 
NOs: 1 to 15, 20 to 47, 62 to 65, homologues or functional portions thereof provide a 
considerable cost and time saving in the treatment and diagnosis of conditions related to 
platelet-mediated aggregation, and the patient in need of said polypeptides would encounter 
fewer of the problems associated with conventional agents. 

Platelet-mediated aggregation is the process wherein vWF-bound collagen adheres to 
platelets and/or platelet receptors (examples of both are gpla/lla, gplb, or collagen), ultimately 
resulting in platelet activation. Platelet activation leads to fibrinogen binding, and finally to 
platelet aggregation. It is within the scope of the present invention to provide polypeptides 
which modulate the processes which comprise platelet-mediated aggregation such as vWF- 
collagen binding, vWF-platelet receptor adhesion, collagen-platelet receptor adhesion, 
platelet activation, fibrinogen binding and/or platelet aggregation. Said polypeptides are 
derived from Camelidae antibodies directed towards vWF, vWF A1, A1 domain of activated 
vWF or A3 domains, gplb or collagen, and share the same advantages as the polypeptides 
represented by SEQ ID NOs: 1 to 15, 20 to 47 and 62 to 65, as described above. 

According to an aspect of the invention a polypeptide construct may be a homologous 
sequence of a full-length polypeptide construct. According to another aspect of the invention, 
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a polypeptide construct may be a functional portion of a full-length polypeptide construct. 
According to another aspect of the invention, a polypeptide construct may be a homologous 
sequence of a full length polypeptide construct. According to another aspect of the invention, 
a polypeptide construct may be a functional portion of a homologous sequence of a full length 
5 polypeptide construct. According to an aspect of the invention a polypeptide construct may 
comprise a sequence of a polypeptide construct. 

According to an aspect of the invention a single domain antibody used to form a polypeptide 
construct may be a complete single domain antibody (e.g. a VHH) or a homologous 

10 sequence thereof. According to another aspect of the invention, a single domain antibody 
used to form the polypeptide construct may be a functional portion of a complete single 
domain antibody. According to another aspect of the invention, a single domain antibody 
used to form the polypeptide construct may be a homologous sequence of a complete single 
domain antibody. According to another aspect of the invention, a single domain antibody 

15 used to form the polypeptide construct may be a functional portion of a homologous 
sequence of a complete single domain antibody. 

Another aspect of the present invention are the single domain antibodies corresponding to 
any of SEQ ID NOs: 1 to 7, 16 to 19, 23 to 31, 35 to 41, and 49 to 65, a homologous 
20 sequence thereof, and/or a functional portion thereof. 

According to another aspect of the invention a polypeptide construct may be an homologous 
sequence of the parent sequence. According to another aspect of the invention, a polypeptide 
construct may be a functional portion parent sequence. According to another aspect of the 
25 invention, a polypeptide construct may be a functional portion of a homologous sequence of 
the parent sequence. 

As used herein, an homologous sequence may comprise additions, deletions or substitutions 
of one or more amino acids, which do not substantially alter the functional characteristics of 
30 the polypeptide. The number of amino acid deletions or substitutions is preferably up to 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 
55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69 or 70 amino acids. 
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A homologous sequence according to the present invention includes polypeptides extended 
by the addition of amino acids to form human heavy chain antibody or human single domain 
heavy chain antibody, which do not substantially alter the functional characteristics of the 
unmodified polypeptide. 

A homologous sequence of the present invention may include a polypeptide represented by 
any of SEQ ID NOs: 1 to 47 and 49 to 65, which has been humanised (as described in 
examples 63 and 64 . 

A homologous sequence of the present invention may include a sequence corresponding to 
the sequence of any of SEQ ID NOs: 1 to 47 and 49 to 65 which exists in other Camelidae 
species such as, for example, camel, llama, dromedary, alpaca, guanaco etc. 

Where homologous sequence indicates sequence identity, it means a sequence which 
presents a high sequence identity (more than 70%, 75%, 80%, 85%, 90%, 95% or 98% 
sequence identity) with the parent sequence, and is preferably characterised by similar 
properties of the parent sequence, namely affinity, said identity calculated using known 
methods. 

Alternatively, an homologous sequence may also be any amino acid sequence resulting from 
allowed substitutions at any number of positions of the parent sequence according to the 
formula below: 

Ser substituted by Ser, Thr, Gly, and Asn; 

Arg substituted by one of Arg, His, Gin, Lys, and Glu; 

Leu substituted by one of Leu, lie, Phe, Tyr, Met, and Val; 

Pro substituted by one of Pro, Gly, Ala, and Thr; 

Thr substituted by one of Thr, Pro, Ser, Ala, Gly, His, and Gin; 

Ala substituted by one of Ala, Gly, Thr, and Pro; 

Val substituted by one of Val, Met, Tyr, Phe, lie, and Leu; 

Gly substituted by one of Gly, Ala, Thr, Pro, and Ser; 

He substituted by one of lie, Met, Tyr, Phe, Val, and Leu; 

Phe substituted by one of Phe, Trp, Met, Tyr, lie, Val, and Leu; 

Tyr substituted by one of Tyr, Trp, Met, Phe, He, Val, and Leu; 
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His substituted by one of His, Glu, Lys, Gin, Thr, and Arg; 

Gin substituted by one of Gin, Glu, Lys, Asn, His, Thr, and Arg; 

Asn substituted by one of Asn, Glu, Asp, Gin, and Ser; 

Lys substituted by one of Lys, Glu, Gin, His, and Arg; 

Asp substituted by one of Asp, Glu, and Asn; 

Glu substituted by one of Glu, Asp, Lys, Asn, Gin, His, and Arg; 

Met substituted by one of Met, Phe, lie, Val, Leu, and Tyr. 

A homologous according to the present invention may refer to nucleotide sequences of more 
than 50, 100, 200, 300, 400, 500, 600, 800 or 1000 nucleotides able to hybridize to the 
reverse-complement of the nucleotide sequence capable of encoding a polypeptide under 
stringent hybridisation conditions (such as the ones described by SAMBROOK et a/., 
Molecular Cloning, Laboratory Manuel, Cold Spring, Harbor Laboratory press, New York). 

As used herein, a functional portion refers to a single domain antibody of sufficient length 
such that the interaction of interest is maintained with affinity of 1 x 10" 6 M or better. 

Alternatively a functional portion of a single domain antibody of the invention comprises a 
partial deletion of the complete amino acid sequence and still maintains the binding site(s) 
and protein domain(s) necessary for the binding of and interaction with the target. 

Alternatively a functional portion of any of SEQ ID NO: 1 to 7 is a polypeptide which 
comprises a partial deletion of the complete amino acid sequence and which still maintains 
the binding site(s) and protein domain(s) necessary for the inhibition of binding of vWF to 
collagen. 

Alternatively a functional portion of any of SEQ ID NOs: 23 to 31 and 62 to 65 is a 
polypeptide which comprises a partial deletion of the complete amino acid sequence and 
which still maintains the binding site(s) and protein domain(s) necessary for the binding of 
and interaction with the A1 domain of vWF. 

Alternatively a functional portion of any of SEQ ID NOs: 35 to 37 is a polypeptide which 
comprises a partial deletion of the complete amino acid sequence and which still maintains 
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the binding site(s) and protein domain(s) necessary for the binding of and interaction with 
collagen. 

Alternatively a functional portion comprises a partial deletion of the complete amino acid 
5 sequence of a polypeptide and which still maintains the binding site(s) and protein domain(s) 
necessary for the binding of and interaction with the antigen against which it was raised. It 
includes, but is not limited to VHH domains. 

As used herein, a functional portion as it refers to a polypeptide sequence refers to less than 
10 100% of the sequence (e.g., 99%, 90%, 80%, 70%, 60% 50% etc.), but comprising 5 or more 
amino acids. 

A portion as it refers to a nucleotide sequence encoding a polypeptide sequence refers to 
less than 100% of the sequence (e.g., 99%, 90%, 80%, 70%, 60% 50% etc.), but comprising 
15 1 5 or more nucleotides. 

An aspect of the present invention is the administration of a polypeptide construct according 
to the invention can avoid the need for injection. Conventional antibody-based therapeutics 
have significant potential as drugs because they have exquisite specificity to their target and 

20 a low inherent toxicity, however, they have one important drawback: they are relatively 
unstable, and are sensitive to breakdown by proteases. This means that conventional 
antibody drugs cannot be administered orally, sublingualis topically, nasally, vaginally, 
rectally or by inhalation because they are not resistant to the low pH at these sites, the action 
of proteases at these sites and in the blood and/or because of their large size. They have to 

25 be administered by injection (intravenously, subcutaneously, etc.) to overcome some of these 
problems. Administration by injection requires specialist training in order to use a hypodermic 
syringe or needle correctly and safely. It further requires sterile equipment, a liquid 
formulation of the therapeutic polypeptide, vial packing of said polypeptide in a sterile and 
stable form and, of the subject, a suitable site for entry of the needle. Furthermore, subjects 

30 commonly experience physical and psychological stress prior to and upon receiving an 
injection. 
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An aspect of the present invention overcomes these problems of the prior art, by providing 
the polypeptides constructs of the present invention. Said constructs are sufficiently small, 
resistant and stable to be delivered orally, sublingually, topically, nasally, vaginally, rectally or 
by inhalation substantial without loss of activity. The polypeptides constructs of the present 
invention avoid the need for injections, are not only cost/time savings, but are also more 
convenient and more comfortable for the subject. 

One embodiment of the present invention is a polypeptide construct as disclosed herein for 
use in treating, preventing and/or alleviating the symptoms of disorders susceptible to 
modulation by a substance that controls platelet mediated aggregation which is able pass 
through the gastric environment without the substance being inactivated. 

As known by persons skilled in the art, once in possession of said polypeptide construct, 
formulation technology may be applied to release a maximum amount of polypeptide in the 
right location (in the stomach, in the colon, etc.). This method of delivery is important for 
treating, prevent and/or alleviate the symptoms of disorders whose targets are located in the 
gut system. 

An aspect of the invention is a method for treating, preventing and/or alleviating the 
symptoms of a disorder susceptible to modulation by a substance that controls platelet 
mediated aggregation which is able pass through the gastric environment without being 
inactivated, by orally administering to a subject a polypeptide construct as disclosed herein. 

Another embodiment of the present invention is a use of a polypeptide construct as disclosed 
herein for the preparation of a medicament for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a substance that controls platelet 
mediated aggregation which is able pass through the gastric environment without being 
inactivated. 

An aspect of the invention is a method for delivering a substance that controls platelet 
mediated aggregation to the gut system without said substance being inactivated, by orally 
administering to a subject a polypeptide construct as disclosed herein. 
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An aspect of the invention is a method for delivering a substance that controls platelet 
mediated aggregation to the bloodstream of a subject without the substance being 
inactivated, by orally administering to a subject a polypeptide construct as disclosed herein. 

5 Another embodiment of the present invention is a polypeptide construct as disclosed herein 
for use in treating, preventing and/or alleviating the symptoms or disorders susceptible to 
modulation by a substance that controls platelet mediated aggregation delivered to the 
vaginal and/or rectal tract. 

In a non-limiting example, a formulation according to the invention comprises a polypeptide 
construct as disclosed herein, in the form of a gel, cream, suppository, film, or in the form of a 
sponge or as a vaginal ring that slowly releases the active ingredient over time (such 
formulations are described in EP 707473, EP 684814, US 5629001). 

An aspect of the invention is a method for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a substance that controls platelet 
mediated aggregation delivered to the vaginal and/or rectal tract, by vaginally and/or rectally 
administering to a subject a polypeptide construct as disclosed herein. 

Another embodiment of the present invention is a use of a polypeptide construct as disclosed 
herein for the preparation of a medicament for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a substance that controls platelet 
mediated aggregation delivered to the vaginal and/or rectal tract. 

An aspect of the invention is a method for delivering a substance that controls platelet 
mediated aggregation to the vaginal and/or rectal tract without being said substance being 
inactivated, by administering to the vaginal and/or rectal tract of a subject a polypeptide 
construct as disclosed herein. 

An aspect of the invention is a method for delivering a substance that controls platelet 
mediated aggregation to the bloodstream of a subject without said substance being 
inactivated, by administering to the vaginal and/or rectal tract of a subject a polypeptide 
construct as disclosed herein. 
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Another embodiment of the present invention is a polypeptide construct as disclosed herein, 
for use in treating, preventing and/or alleviating the symptoms of disorders susceptible to 
modulation by a substance that controls platelet mediated aggregation delivered to the nose, 
5 upper respiratory tract and/or lung. 

In a non-limiting example, a formulation according to the invention, comprises a polypeptide 
construct as disclosed herein in the form of a nasal spray (e.g. an aerosol) or inhaler. Since 
the polypeptide construct is small, it can reach its target much more effectively than 
10 therapeutic IgG molecules. 

An aspect of the invention is a method for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a substance that controls platelet 
mediated aggregation delivered to the upper respiratory tract and lung, by administering to a 
5 subject a polypeptide construct as disclosed herein, by inhalation through the mouth or nose. 

Another embodiment of the present invention is a use of a polypeptide construct as disclosed 
herein for the preparation of a medicament for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a substance that controls platelet 
mediated aggregation delivered to the nose, upper respiratory tract and/or lung, without said 
polypeptide being inactivated. 

An aspect of the invention is a method for delivering a substance that controls platelet 
mediated aggregation to the nose, upper respiratory tract and lung without inactivation, by 
administering to the nose, upper respiratory tract and/or lung of a subject a polypeptide 
construct as disclosed herein. 

An aspect of the invention is a method for delivering a substance that controls platelet 
mediated aggregation to the bloodstream of a subject without inactivation by administering to 
the nose, upper respiratory tract and/or lung of a subject a polypeptide construct as disclosed 
herein. 
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One embodiment of the present invention is a polypeptide construct as disclosed herein for 
use in treating, preventing and/or alleviating the symptoms of disorders susceptible to 
modulation by a substance that controls platelet mediated aggregation delivered to the 
intestinal mucosa, wherein said disorder increases the permeability of the intestinal mucosa. 
Because of their small size, a polypeptide construct as disclosed herein can pass through the 
intestinal mucosa and reach the bloodstream more efficiently in subjects suffering from 
disorders which cause an increase in the permeability of the intestinal mucosa. 

An aspect of the invention is a method for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a substance that controls platelet 
mediated aggregation delivered to the intestinal mucosa, wherein said disorder increases the 
permeability of the intestinal mucosa, by orally administering to a subject a polypeptide 
construct as disclosed herein. 

This process can be even further enhanced by an additional aspect of the present.invention - 
the use of active transport carriers. In this aspect of the invention, VHH is fused to a carrier 
that enhances the transfer through the intestinal wall into the bloodstream. In a non-limiting 
example, this "carrier" is a second VHH which is fused to the therapeutic VHH. Such fusion 
constructs are made using methods known in the art. The "carrier" VHH binds specifically to a 
receptor on the intestinal wall which induces an active transfer through the wall. 

Another embodiment of the present invention is a use of a polypeptide construct as disclosed 
herein for the preparation of a medicament for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a substance that controls platelet 
mediated aggregation delivered to the intestinal mucosa, wherein said disorder increases the 
permeability of the intestinal mucosa. 

An aspect of the invention is a method for delivering a substance that controls platelet 
mediated aggregation to the intestinal mucosa without being inactivated, by administering 
orally to a subject a polypeptide construct of the invention. 
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An aspect of the invention is a method for delivering a substance that controls platelet 
mediated aggregation to the bloodstream of a subject without being inactivated, by 
administering orally to a subject a polypeptide construct of the invention. 

This process can be even further enhanced by an additional aspect of the present invention - 
the use of active transport carriers. In this aspect of the invention, a polypeptide construct as 
described herein is fused to a carrier that enhances the transfer through the intestinal wall 
into the bloodstream. In a non-limiting example, this "carrier" is a VHH which is fused to said 
polypeptide. Such fusion constructs made using methods known in the art. The "carrier" VHH 
binds specifically to a receptor on the intestinal wall which induces an active transfer through 
the wall. 

One embodiment of the present invention is a polypeptide construct as disclosed herein for 
use in treating, preventing and/or alleviating the symptoms of disorders susceptible to 
modulation by a substance that controls platelet mediated aggregation which is able pass 
through the tissues beneath the tongue effectively. A formulation of said polypeptide 
construct as disclosed herein, for example, a tablet, spray, drop is placed under the tongue 
and adsorbed through the mucus membranes into the capillary network under the tongue. 

An aspect of the invention is a method for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a substance that controls platelet 
mediated aggregation which is able pass through the tissues beneath the tongue effectively, 
by sublingually administering to a subject a polypeptide construct as disclosed herein. 

Another embodiment of the present invention is a use of a polypeptide construct as disclosed 
herein for the preparation of a medicament for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a substance that controls platelet 
mediated aggregation which is able to pass through the tissues beneath the tongue. 

An aspect of the invention is a method for delivering a substance that controls platelet 
mediated aggregation to the tissues beneath the tongue without being inactivated, by 
administering sublingually to a subject a polypeptide construct as disclosed herein. 
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An aspect of the invention is a method for delivering a substance that controls platelet 
mediated aggregation to the bloodstream of a subject without being inactivated, by 
administering orally to a subject a polypeptide construct as disclosed herein. 

One embodiment of the present invention is a polypeptide construct as disclosed herein for 
use in treating, preventing and/or alleviating the symptoms of disorders susceptible to 
modulation by a substance that controls platelet mediated aggregation which is able pass 
through the skin effectively. 

A formulation of said polypeptide construct, for example, a cream, film, spray, drop, patch, is 
placed on the skin and passes through. 

An aspect of the invention is a method for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a substance that controls platelet 
mediated aggregation which is able pass through the skin effectively, by topically 
administering to a subject a polypeptide construct as disclosed herein. 

Another embodiment of the present invention is a use of a polypeptide construct as disclosed 
herein for the preparation of a medicament for treating, preventing and/or alleviating the 
symptoms of disorders susceptible to modulation by a substance that controls platelet 
mediated aggregation which is able pass through the skin effectively. 

An aspect of the invention is a method for delivering a substance that controls platelet 
mediated aggregation to the skin without being inactivated, by administering topically to a 
subject a polypeptide construct as disclosed herein. 

An aspect of the invention is a method for delivering a substance that controls platelet 
mediated aggregation to the bloodstream of a subject, by administering topically to a subject 
a polypeptide construct as disclosed herein. 

In another embodiment of the present invention, a polypeptide construct as disclosed herein 
further comprises a carrier single domain antibody (e.g. VHH) which acts as an active 
transport carrier for transport of said polypeptide construct via the lung lumen to the blood. 
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A polypeptide construct further comprising a carrier that binds specifically to a receptor 
present on the mucosal surface (bronchial epithelial cells) resulting in the active transport of 
the polypeptide from the lung lumen to the blood. The carrier single domain antibody may be 
fused to the polypeptide construct. Such fusion constructs made using methods known in the 
art and are describe herein. The "carrier" single domain antibody binds specifically to a 
receptor on the mucosal surface which induces an active transfer through the surface. 

Another aspect of the present invention is a method to determine which single domain 
antibodies (e.g. VHHs) are actively transported into the bloodstream upon nasal 
administration. Similarly, a naive or immune VHH phage library can be administered nasally, 
and after different time points after administration, blood or organs can be isolated to rescue 
phages that have been actively transported to the bloodstream. A non-limiting example of a 
receptor for active transport from the lung lumen to the bloodstream is the Fc receptor N 
(FcRn). One aspect of the invention includes the VHH molecules identified by the method. 
Such VHH can then be used as a carrier VHH for the delivery of a therapeutic VHH to the 
corresponding target in the bloodstream upon nasal administration. 

One embodiment of the present invention is a polypeptide construct as disclosed herein for 
use in treating, preventing and/or alleviating the symptoms of disorders relating to platelet- 
mediated aggregation or dysfunction thereof. Said disorders include ,thrombotic 
thrombocytopenic purpura (TTP), transient cerebral ischemic attack, unstable or stable 
angina pectoris, cerebral infarction, myocardial infarction, peripheral arterial occlusive 
disease, restenosis. Said disorders further include those arising from coronary by-pass graft, 
coronary artery valve replacement and coronary interventions such angioplasty, stenting, or 
atherectomy. 

Other disorders are any of the formation of a non-occlusive thrombus, the formation of an 
occlusive thrombus, arterial thrombus formation, acute coronary occlusion, restenosis, 
restenosis after PCTA or stenting, thrombus formation in stenosed arteries, hyperplasia after 
angioplasty, atherectomy or arterial stenting, occlusive syndrome in a vascular system or lack 
of patency of diseased arteries. 
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One aspect of the invention is a polypeptide construct as disclosed herein for use in the 
treatment, prevention and/or alleviation of disorders or conditions relating to platelet-mediated 
aggregation or dysfunction thereof, wherein said polypeptide construct is administered 
intravenously, subcutaneously, orally, sublingual^, topically, nasally, vaginally, rectally or by 
inhalation. 

Another aspect of the invention is the use of a polypeptide construct as disclosed herein for 
the preparation of a medicament for the treatment, prevention and/or alleviation of disorders 
or conditions relating to platelet-mediated aggregation or dysfunction thereof, wherein said 
polypeptide construct is administered intravenously, subcutaneously, orally, sublingualis 
topically, nasally, vaginally, rectally or by inhalation. 

Another aspect of the invention is a method of treating, preventing and/or alleviating disorders 
or conditions relating to relating to platelet-mediated aggregation or dysfunction thereof, 
comprising administering to a subject a polypeptide construct as disclosed herein, wherein 
said heterospecific polypeptide construct is administered intravenously, subcutaneously, 
orally, sublingualis topically, nasally, vaginally, rectally or by inhalation. 

Another aspect of the invention is a polypeptide construct as disclosed herein for use in the 
treatment, prevention and/or alleviation of disorders or conditions relating to platelet-mediated 
aggregation or dysfunction thereof. 

Another aspect of the invention is a use of a polypeptide as disclosed herein for the 
preparation of a medicament for the treatment, prevention and/or alleviation of disorders or 
conditions relating to platelet-mediated aggregation or dysfunction thereof. 

One can use a polypeptide construct of the present invention in order to screen for agents 
that modulate the binding of the polypeptide to a vWF (or gplb or collagen). When identified 
in an assay that measures binding or said polypeptide displacement alone, agents will have 
to be subjected to functional testing to determine whether they act as modulators of platelet- 
mediated aggregation. 
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In an example of a displacement experiment, phage or cells expressing vWF or a fragment 
thereof are incubated in binding buffer with, for example, a polypeptide represented by-SEQ 
ID NO: 1 which has been labeled, in the presence or absence of increasing concentrations of 
a candidate modulator. To validate and calibrate the assay, control competition reactions 
using increasing concentrations of said polypeptide and which is unlabeled, can be 
performed. After incubation, cells are washed extensively, and bound, labelled polypeptide is 
measured as appropriate for the given label (e.g., scintillation counting, fluorescence, etc.). A 
decrease of at least 10% in the amount of labelled polypeptide bound in the presence of 
candidate modulator indicates displacement of binding by the candidate modulator. 
Candidate modulators are considered to bind specifically in this or other assays described 
herein if they displace 50% of labelled polypeptide (sub-saturating polypeptide dose) at a 
concentration . of 1 pM or less. Of course, the above method might easily be applied to 
screening for candidate modulators which alter the binding between the polypeptides 
represented by SEQ ID NOs: 2 to 15, 20 to 47 and 62 to 65 or the polypeptide constructs 
disclosed herein, and macromolecules involved in platelet-mediated aggregation such as, for 
example, vWF, gplb or collagen, or a fragment thereof. 

Alternatively, binding or displacement of binding can be monitored by surface plasmon 
resonance (SPR). Surface plasmon resonance assays can be used as a quantitative method 
to measure binding between two molecules by the change in mass near an immobilized 
sensor caused by the binding or loss of binding of , for example, the polypeptide represented 
by SEQ ID NO: 1 from the aqueous phase to a vWF, or fragment thereof immobilized in a 
membrane on the sensor. This change in mass is measured as resonance units versus time 
after injection or removal of the said polypeptide or candidate modulator and is measured 
using a Biacore Biosensor (Biacore AB). vWF, or fragment thereof can be for example 
immobilized on a sensor chip (for example, research grade CMS chip; Biacore AB) in a thin 
film lipid membrane according to methods described by Salamon et al. (Salamon et a/., 1996, 
Biophys J. 71: 283-294; Salamon et aL, 2001, Biophys. J. 80: 1557-1567; Salamon et at., 
1999, Trends Biochem. Sci. 24: 213-219, each of which is incorporated herein by reference.). 
Sarrio et aL demonstrated that SPR can be used to detect ligand binding to the GPCR A(1) 
adenosine receptor immobilized in a lipid layer on the chip (Sarrio et aL, 2000, Mol. Cell. Biol. 
20: 51 64-51 74, incorporated herein by reference). Conditions for the binding of a polypeptide 
construct of the invention in an SPR assay can be fine-tuned by one of skill in the art using 
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the conditions reported by Sarrio et al. as a starting point. Of course, the above method 
might easily be applied to screening for candidate modulators which alter the binding 
between the polypeptide constructs disclosed herein and macromolecules involved in 
platelet-mediated aggregation such as, for example, vWF, gplb or collagen, or a fragment 
thereof. 

SPR can assay for modulators of binding in at least two ways. First, a polypeptide 
represented by SEQ ID NO: 1, for example, can be pre-bound to immobilized vWF, or 
fragment thereof, followed by injection of candidate modulator at a concentration ranging from 
0.1 nM to 1 pM. Displacement of the bound polypeptide can be quantitated, permitting 
detection of modulator binding. Alternatively, the membrane-bound vWF, or fragment thereof 
can be pre-incubated with a candidate modulator and challenged with, for example, a 
polypeptide represented by SEQ ID NO: 1. A difference in binding affinity between said 
polypeptide and vWF, or fragment thereof pre-incubated with the modulator, compared with 
that between said polypeptide and vWF, or fragment thereof in absence of the modulator will 
demonstrate binding or displacement of said polypeptide in the presence of modulator. In 
either assay, a decrease of 10% or more in the amount of said polypeptide bound in the 
presence of candidate modulator, relative to the amount of said polypeptide bound in the 
absence of candidate modulator indicates that the candidate modulator inhibits the interaction 
of vWF, or fragment thereof and said polypeptide. Of course, the above method might easily 
be applied to screening for candidate modulators which alter the binding between the 
polypeptides represented by SEQ ID NOs: 2 to 15, 20 to 47 and 62 to 65 or the polypeptide 
constructs disclosed herein, and macromolecules involved in platelet-mediated aggregation 
such as, for example, vWF, gplb, or collagen, or a fragment thereof. 

Another method of detecting inhibition of binding of, for example, a polypeptide represented 
by SEQ ID NOs: 1 to 15, 20 to 34, 38 to 45 or 62 to 65 to vWF, or fragments thereof uses 
fluorescence resonance energy transfer (FRET). FRET is a quantum mechanical 
phenomenon that occurs between a fluorescence donor (D) and a fluorescence acceptor (A) 
in close proximity to each other (usually < 100 A of separation) if the emission spectrum of D 
overlaps with the excitation spectrum of A. The molecules to be tested, e.g. a polypeptide 
represented by SEQ ID NO: 1 and a vWF, or fragment thereof , are labelled with a 
complementary pair of donor and acceptor fluorophores. While bound closely together by the 
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vWF : polypeptide interaction, the fluorescence emitted upon excitation of the donor 
fluorophore will have a different wavelength from that emitted in response to that excitation 
wavelength when the said polypeptide and vWF, or fragment thereof are not bound, providing 
for quantitation of bound versus unbound molecules by measurement of emission intensity at 
each wavelength. Donor fluorophores with which to label the vWF, or fragment thereof are 
well known in the art. Of particular interest are variants of the A. Victoria GFP known as 
Cyan FP (CFP, Donor (D)) and Yellow FP (YFP, Acceptor (A)). As an example, the YFP 
variant can be made as a fusion protein with vWF, or fragment thereof. Vectors for the 
expression of GFP variants as fusions (Clontech) as well as flurophore-labeled reagents 
(Molecular Probes) are known in the art. The addition of a candidate modulator to the 
mixture of fluorescently-labelled polypeptide and YFP-vWF will result in an inhibition of 
energy transfer evidenced by, for example, a decrease in YFP fluorescence relative to a 
sample without the candidate modulator. In an assay using FRET for the detection of vWF : 
polypeptide interaction, a 10% or greater decrease in the intensity of fluorescent emission at 
the acceptor wavelength in samples containing a candidate modulator, relative to samples 
without the candidate modulator, indicates that the candidate modulator inhibits the 
vWF:polypeptide interaction. Of course, the above method might easily be applied to 
screening for candidate modulators which alter the binding between the polypeptides 
represented by any of SEQ ID NOs: 2 to 15, 20 to 47, 62 to 65 or the polypeptide constructs 
disclosed herein, and macromolecules involved in platelet-mediated aggregation such as, for 
example, vWF, gplb or collagen, or a fragment thereof. 

A variation on FRET uses fluorescence quenching to monitor molecular interactions. One 
molecule in the interacting pair can be labeled with a fluorophore, and the other with a 
molecule that quenches the fluorescence of the fluorophore when brought into close 
apposition with it. A change in fluorescence upon excitation is indicative of a change in the 
association of the molecules tagged with the fluorophore:quencher pair. Generally, an 
increase in fluorescence of the labeled vWF, or fragment thereof is indicative that the 
polypeptide molecule (e.g. a polypeptide construct of the invention) bearing the quencher has 
been displaced. For quenching assays, a 10% or greater increase in the intensity of 
fluorescent emission in samples containing a candidate modulator, relative to samples 
without the candidate modulator, indicates that the candidate modulator inhibits vWF : 
polypeptide interaction. Of course, the above method might easily be applied to screening for 
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candidate modulators which alter the binding between the polypeptide constructs disclosed 
herein, and macromolecules involved in platelet-mediated aggregation such as, for example, 
vWF, gplb or collagen, or a fragment thereof. 

In addition to the surface plasmon resonance and FRET methods, fluorescence polarization 
measurement is useful to quantitate binding. The fluorescence polarization value for a 
fluorescently-tagged molecule depends on the rotational correlation time or tumbling rate. 
Complexes, such as those formed by vWF, or fragment thereof associating with a 
fluorescently labelled polypeptide (e.g. a fluorescently-labeled polypeptide represented by 
any of SEQ ID NOs: 1 to 15, 20 to 34, 38 to 45 and 62 to 65), have higher polarization values 
than uncomplexed, labeled polypeptide. The inclusion of a candidate inhibitor of the 
vWFrpolypeptide interaction results in a decrease in fluorescence polarization, relative to a 
mixture without the candidate inhibitor, if the candidate inhibitor disrupts or inhibits the 
interaction of vWF, or fragment thereof with said polypeptide. Fluorescence polarization is 
well suited for the identification of small molecules that disrupt the formation of vWF: 
polypeptide complexes. A decrease of 10% or more in fluorescence polarization in samples 
containing a candidate modulator, relative to fluorescence polarization in a sample lacking the 
candidate modulator, indicates that the candidate modulator inhibits the vWF: polypeptide 
interaction. Of course, the above method might easily be applied to screening for candidate 
modulators which alter the binding between the polypeptide constructs disclosed herein, and 
macromolecules involved in platelet-mediated aggregation such as, for example, vWF, gplb 
or collagen, or a fragment thereof. 

Another alternative for monitoring vWF : polypeptide interactions uses a biosensor assay. 
ICS biosensors have been described in the art (Australian Membrane Biotechnology 
Research Institute; Cornell B, Braach-Maksvytis V, King L, Osman P, Raguse B, Wieczorek 
L, and Pace R. "A biosensor that uses ion-channel switches" Nature 1997, 387, 580). In this 
technology, the association of vWF, or fragment thereof and a polypeptide (e.g. a 
polypeptide represented by any of SEQ ID NOs: 1 to 15, 20 to 34, 38 to 45 and 62 to 65) is 
coupled to the closing of gramacidin-facilitated ion channels in suspended membrane bilayers 
and thus to a measurable change in the admittance (similar to impedence) of the biosensor. 
This approach is linear over six orders of magnitude of admittance change and is ideally 
suited for large scale, high throughput screening of small molecule combinatorial libraries. A 
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10% or greater change (increase or decrease) in admittance in a sample containing a 
candidate modulator, relative to the admittance of a sample lacking the candidate modulator, 
indicates that the candidate modulator inhibits the interaction of vWF, or fragment thereof 
and said polypeptide. It is important to note that in assays testing the interaction of vWF, or 
5 fragment thereof with a polypeptide (such as for example, a polypeptide represented by any 
of SEQ ID NOs: 1 to 15, 20 to 34, 38 to 45 and 62 to 65), it is possible that a modulator of the 
interaction need not necessarily interact directly with the domain(s) of the proteins that 
physically interact with said polypeptide. It is also possible that a modulator will interact at a 
location removed from the site of interaction and cause, for example, a conformational 

10 change in the vWF. Modulators (inhibitors or agonists) that act in this manner are 
nonetheless of interest as agents to modulate platelet-mediated aggregation. Of course, the 
above method might easily be applied to screening for candidate modulators which alter the 
binding between the polypeptide constructs disclosed herein, and macromolecules involved 
in platelet-mediated aggregation such as, for example, vWF, gplb or collagen, or a fragment 

15 thereof. 

Any of the binding assays described can be used to determine the presence of an agent in a 
sample, e.g., a tissue sample, that binds to vWF, or fragment thereof, or that affects the 
binding of, for example, a polypeptide represented by any of SEQ ID NO: 1 to 15, 20 to 34, 

20 38 to 45 or 62 to 65 to the vWF. To do so a vWF, or fragment thereof is reacted with said 
polypeptide in the presence or absence of the sample, and polypeptide binding is measured 
as appropriate for the binding assay being used. A decrease of 10% or more in the binding of 
said polypeptide indicates that the sample contains an agent that modulates the binding of 
said polypeptide to the vWF, or fragment thereof. Of course, the above generalised method 

25 might easily be applied to screening for candidate modulators which alter the binding 
between the polypeptide constructs disclosed herein, and macromolecules involved in 
platelet-mediated aggregation such as, for example, vWF, gplb or collagen, or a fragment 
thereof. 

30 Cells 

A cell that is useful according to the invention is preferably selected from the group consisting 
of bacterial cells such as, for example, E. co//, yeast cells such as, for example, S. cerevisiae, 
P. pastoris, insect cells or mammalian cells. 
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A cell that is useful according to the invention can be any cell into which a nucleic acid 
sequence encoding a polypeptide comprising any of SEQ ID NOs: 1 to 47 and 49 to 65 or a 
polypeptide construct of the invention according to the invention can be introduced such that 
the polypeptide is expressed at natural levels or above natural levels, as defined herein. 
Preferably a polypeptide of the invention that is expressed in a cell exhibits normal or near 
normal pharmacology, as defined herein. Most preferably a polypeptide of the invention that 
is expressed in a cell comprises the nucleotide sequence capable of encoding the amino acid 
sequences presented in Table 30 or capable of encoding a amino acid sequence that is at 
least 70% identical to the amino acid sequence presented in Table 30. 

According to a preferred embodiment of the present invention, a cell is selected from the 
group consisting of COS7-cells, a CHO cell, a LM (TK-) cell, a NIH-3T3 cell, HEK-293 cell, K- 
562 cell or a 1321 N1 astrocytoma cell but also other transfectable cell lines. 

In general, "therapeutically effective amount", "therapeutically effective dose" and "effective 
amount" means the amount needed to achieve the desired result or results (treating or 
preventing platelet aggregation). One of ordinary skill in the art will recognize that the potency 
and, therefore, an "effective amount" can vary for the various compounds that inhibit platelet- 
mediated aggregation used in the invention. One skilled in the art can readily assess the 
potency of the compound. 

As used herein, the term "compound" refers the polypeptide constructs disclosed herein, or to 
a nucleic acid capable of encoding said polypeptide, or an agent identified according to the 
screening method described herein or said polypeptide comprising one or more derivatised 
amino acids. 

By "pharmaceutical^ acceptable" is meant a material that is not biologically or otherwise 
undesirable, /.e., the material may be administered to an individual along with the compound 
without causing any undesirable biological effects or interacting in a deleterious manner with 
any of the other components of the pharmaceutical composition in which it is contained. 

The invention disclosed herein is useful for treating or preventing a condition of platelet- 
mediated aggregation, in a subject and comprising administering a pharmaceutical^ effective 
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amount of a compound or composition that inhibits BTK and that inhibits platelet-mediated 
aggregation. 

The invention disclosed herein is useful for treating or preventing the first steps of thrombus 
5 formation, in a subject and comprising administering a pharmaceutical^ effective amount of a 
compound or composition according to the invention. 

The invention disclosed herein is useful for treating or preventing restenosis, in a subject and 
comprising administering a pharmaceutical^ effective amount of a compound or composition 
1 0 according to the invention. 

One aspect of the present invention is the use of compounds of the invention for treating or 
preventing a condition of platelet-mediated aggregation, in a subject and comprising 
administering a pharmaceutically effective amount of a compound in combination with 
1 5 another, such as, for example, aspirin. 

One aspect of the present invention is the use of compounds of the invention for treating or 
preventing a condition of platelet-mediated aggregation, in a subject and comprising 
administering a pharmaceutically effective amount of a compound in combination with 
20 another, such as, for example, a thrombolytic agent. 

Another aspect of the present invention is a use of a compound of the invention for treating or 
preventing plaque or thrombus in an individual. Said plaque or thrombus formation may be 
under conditions of high sheer. In both thrombosis and reocclusion, the reversible adhesion 
25 or tethering of the platelets at high shear rate is followed by a firm adhesion through the 
collagen receptor on platelets resulting in platelet activation; the tethering of platelets by vWF 
to collagen exposed in the damaged vessel wall is especially important under high shear 
conditions. The inventors have found that polypeptide constructs of the present invention 
unexpected performed well under high sheer conditions (e.g. Example 16.) 

30 

The present invention is not limited to the administration of formulations comprising a single 
compound of the invention. It is within the scope of the invention to provide combination 
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treatments wherein a formulation is administered to a patient in need thereof that comprises 
more than one compound of the invention. 

Conditions of platelet-mediated aggregation include, but are not limited to, unstable angina, 
stable angina, angina pectoris, embolus formation, deep vain thrombosis, hemolytic uremic 
syndrome, hemolytic anemia, acute renal failure, thrombolytic complications, thrombotic 
thrombocytopenic purpura, disseminated intravascular comgelopathy, thrombosis, coronary 
heart disease, thromboembolic complications, myocardial infarction, restenosis, and atrial 
thrombosis formation in atrial fibrillation, chronic unstable angina, transient ischemic attacks 
and strokes, peripheral vascular disease, arterial thrombosis, pre-eclampsia, embolism, 
restenosis and/or thrombosis following angioplasty, carotid endarterectomy, anastomosis of 
vascular grafts, and chronic exposure to cardiovascular devices. Such conditions may also 
result from thromboembolism and reocculsion during and after thrombolytic therapy, after 
angioplasty, and after coronary artery bypass. 

It is well known in the art how to determine the inhibition of platelet-mediated aggregation 
using the standard tests described herein, or using other similar tests. Preferably, the method 
would result in at least a 10% reduction in platelet-mediated aggregation, including, for 
example, 15%, 20%, 25%, 30%, 40%, 50%,60%, 70%, 80%, 90%, 100%, or any amount in 
between, more preferably by 90%. 

Similarly, the method would result in at least a 10% reduction in intracellular calcium 
mobilisation including, for example, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 
100%. Similarly, the method would result in at least a 10% reduction in the level of 
phosphorylated PLCg 2 including, for example, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 
80%, 90%, 100%. 

The reduction can be measured, for example, by comparing the optical impedence in a 
chronology platelet aggregometer. Any other known measurement method may also be used. 
For example, (1 ) upon collagen stimulation, the level of collagen-induced intracellular calcium 
mobilization increases over time and so the measurement may include measuring the level of 
collagen-induced intracellular calcium or (2) upon collagen stimulation, the level of 
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phosphorylated PLCg 2 increases overtime and so the measurement may include measuring 
the level of phosphorylated PLCg 2. 

The cells can be contacted in vitro, for example, by adding a compound of the invention to the 
5 culture medium (by continuous infusion, by bolus delivery, or by changing the medium to a 
medium that contains the compound) or by adding the compound to the extracellular fluid in 
vivo (by local delivery, systemic delivery, inhalation, intravenous injection, bolus delivery, or 
continuous infusion). The duration of "contact" with a cell or population of cells is determined 
by the time the compound is present at physiologically effective levels or at presumed 
10 physiologically effective levels in the medium or extracellular fluid bathing the cell or cells. 
Preferably, the duration of contact is 1-96 hours, and more preferably, for 24 hours, but such 
time would vary based on the half life of the compound and could be optimized by one skilled 
in the art using routine experimentation. 

15 The compound useful in the present invention can be formulated as pharmaceutical 
compositions and administered to a mammalian host, such as a human patient or a domestic 
animal in a variety of forms adapted to the chosen route of administration, i.e., orally or 
parenteral^, by intra-nasally by inhalation, intravenous, intramuscular, topical or 
subcutaneous routes. 

20 

The compound of the present invention can also be administered using gene therapy 
methods of delivery. See, e.g., U.S. Patent No. 5,399,346, which is incorporated by reference 
in its entirety. Using a gene therapy method of delivery, primary cells transfected with the 
gene for the compound of the present invention can additionally be transfected with tissue 
25 specific promoters to target specific organs, tissue, grafts, tumors, or cells. 

Thus, the present compound may be systemically administered, e.g., orally, in combination 
with a pharmaceutical^ acceptable vehicle such as an inert diluent or an assimilable edible 
carrier. They may be enclosed in hard or soft shell gelatin capsules, may be compressed into 
30 tablets, or may be incorporated directly with the food of the patient's diet. For oral therapeutic 
administration, the active compound may be combined with one or more excipients and used 
in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions, 
syrups, wafers, and the like. Such compositions and preparations should contain at least 
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0.1% of active compound. The percentage of the compositions and preparations may, of 
course, be varied and may conveniently be between about 2 to about 60% of the weight of a 
given unit dosage form. The amount of active compound in such therapeutically useful 
compositions is such that an effective dosage level will be obtained. 

The tablets, troches, pills, capsules, and the like may also contain the following: binders such 
as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium phosphate; a 
disintegrating agent such as com starch, potato starch, alginic acid and the like; a lubricant 
such as magnesium stearate; and a sweetening agent such as sucrose, fructose, lactose or 
aspartame or a flavoring agent such as peppermint, oil of wintergreen, or cherry flavoring 
may be added. When the unit dosage form is a capsule, it may contain, in addition to 
materials of the above type, a liquid carrier, such as a vegetable oil or a polyethylene glycol. 
Various other 

materials may be present as coatings or to otherwise modify the physical form of the solid 
unit dosage form. For instance, tablets, pills, or capsules may be coated with gelatin, wax, 
shellac or sugar and the like. A syrup or elixir may contain the active compound, sucrose or 
fructose as a sweetening agent, methyl and propylparabens as preservatives, a dye and 
flavoring such as cherry or orange flavor. Of course, any material used in preparing any unit 
dosage form should be pharmaceutical^ acceptable and substantially non-toxic in the 
amounts employed. In addition, the active compound may be incorporated into sustained- 
release preparations and devices. 

The active compound may also be administered intravenously or intraperitoneal^ by infusion 
or injection. Solutions of the active compound or its salts can be prepared in water, optionally 
mixed with a nontoxic surfactant. Dispersions can also be prepared in glycerol, liquid 
polyethylene glycols, triacetin, and mixtures thereof and in oils. Under ordinary conditions of 
storage and use, these preparations contain a preservative to prevent the growth of 
microorganisms. 

The pharmaceutical dosage forms suitable for injection or infusion can include sterile 
aqueous solutions or dispersions or sterile powders comprising the active ingredient which 
are adapted for the extemporaneous preparation of sterile injectable or infusible solutions or 
dispersions, optionally encapsulated in liposomes. In all cases, the ultimate dosage form 
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must be sterile, fluid and stable under the conditions of manufacture and storage. The liquid 
carrier or vehicle can be a solvent or liquid dispersion medium comprising, for example, 
water, ethanol, a polyol (for example, glycerol, propylene glycol, liquid polyethylene glycols, 
and the like), vegetable oils, nontoxic glyceryl esters, and suitable mixtures thereof. The 
proper fluidity can be maintained, for example, by the formation of liposomes, by the 
maintenance of the required particle size in the case of dispersions or by the use of 
surfactants. The prevention of the action of microorganisms can be brought about by various 
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic 
acid, thimerosal, and the like, in many cases, it will be preferable to include isotonic agents, 
for example, sugars, buffers or sodium chloride. Prolonged absorption of the injectable 
compositions can be brought about by the use in the compositions of agents delaying 
absorption, for example, aluminum monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the active compound in the required 
amount in the appropriate solvent with various of the other ingredients enumerated above, as 
required, followed by filter sterilization. In the case of sterile powders for the preparation of 
sterile injectable solutions, the preferred methods of preparation are vacuum drying and the 
freeze drying techniques, which yield a powder of the active ingredient plus any additional 
desired ingredient present in the previously sterile-filtered solutions. 

For topical administration, the present compound may be applied in pure form, i.e., when they 
are liquids. However, it will generally be desirable to administer them to the skin as 
compositions or formulations, in combination with a dermatologically acceptable carrier, 
which may be a solid or a liquid. 

Useful solid carriers include finely divided solids such as talc, clay, microcrystalline cellulose, 
silica, alumina and the like. Useful liquid earners include water, hydroxyalkyls or glycols or 
water-alcohol/glycol blends, in which the present compound can be dissolved or dispersed at 
effective levels, optionally with the aid of non-toxic surfactants. Adjuvants such as fragrances 
and additional antimicrobial agents can be added to optimize the properties for a given use. 
The resultant liquid compositions can be applied from absorbent pads, used to impregnate 
bandages and other dressings, or sprayed onto the affected area using pump-type or aerosol 
sprayers. 
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Thickeners such as synthetic polymers, fatty acids, fatty acid salts and esters, fatty alcohols, 
modified celluloses or modified mineral materials can also be employed with liquid carriers to 
form spreadable pastes, gels, ointments, soaps, and the like, for application directly to the 
skin of the user. 

Examples of useful dermatological compositions which can be used to deliver the compound 
to the skin are known to the art; for example, see Jacquet et al. (U.S. Pat. No. 4,608,392), 
Geria (U.S. Pat. No. 4,992,478), Smith et al. (U.S. Pat. No. 4,559,157) and Wortzman (U.S. 
Pat. No. 4,820,508). 

Useful dosages of the compound can be determined by comparing their in vitro activity, and 
in vivo activity in animal models. Methods for the extrapolation of effective dosages in mice, 
and other animals, to humans are known to the art; for example, see U.S. Pat. No. 4,938,949. 

Generally, the concentration of the compound(s) in a liquid composition, such as a lotion, will 
be from about 0.1-25 wt-%, preferably from about 0.5-10 wt-%. The concentration in a semi- 
solid or solid composition such as a gel or a powder will be about 0.1-5 wt-%, preferably 
about 0.5-2.5 wt-%. 

The amount of the compound, or an active salt or derivative thereof, required for use in 
treatment will vary not only with the particular salt selected but also with the route of 
administration, the nature of the condition being treated and the age and condition of the 
patient and will be ultimately at the discretion of the attendant physician or clinician. Also the 
dosage of the compound varies depending on the target cell, tumor, tissue, graft, or organ. 

The desired dose may conveniently be presented in a single dose or as divided doses 
administered at appropriate intervals, for example, as two, three, four or more sub-doses per 
day. The sub-dose itself may be further divided, e.g., into a number of discrete loosely 
spaced administrations; such as multiple inhalations from an insufflator or by application of a 
plurality of drops into the eye. 

An administration regimen could include long-term, daily treatment. By "long-term" is meant at 
least two weeks and preferably, several weeks, months, or years of duration. Necessary 
modifications in this dosage range may be determined by one of ordinary skill in the art using 
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only routine experimentation given the teachings herein. See Remington's Pharmaceutical 
Sciences (Martin, E.W., ed. 4), Mack Publishing Co., Easton, PA. The dosage can also be 
adjusted by the individual physician in the event of any complication. 

5 

The invention provides for an agent that is a modulator of platelet-mediated aggregation. 

The candidate agent may be a synthetic agent, or a mixture of agents, or may be a natural 
product (e.g. a plant extract or culture supernatant). A candidate agent according to the 
10 invention includes a small molecule that can be synthesized, a natural extract, peptides, 
proteins, carbohydrates, lipids etc. 

Candidate modulator agents from large libraries of synthetic or natural agents can be 
screened. Numerous means are currently used for random and directed synthesis of 

15 saccharide, peptide, and nucleic acid based agents. Synthetic agent libraries are 
commercially available from a number of companies including Maybridge Chemical Co. 
(Trevillet, Cornwall, UK), Comgenex (Princeton, NJ), Brandon Associates (Merrimack, NH), 
and Microsource (New Milford, CT). A rare chemical library is available from Aldrich 
(Milwaukee, Wl). Combinatorial libraries are available and can be prepared. Alternatively, 

20 libraries of natural agents in the form of bacterial, fungal, plant and animal extracts are 
available from e.g., Pan Laboratories (Bothell, WA) or MycoSearch (NC), or are readily 
producible by methods well known in the art. Additionally, natural and synthetically produced 
libraries and agents are readily modified through conventional chemical, physical, and 
biochemical means. 

25 

Useful agents may be found within numerous chemical classes. Useful agents may be 
organic agents, or small organic agents. Small organic agents have a molecular weight of 
more than 50 yet less than about 2,500 daltons, preferably less than about 750, more 
preferably less than about 350 daltons. Exemplary classes include heterocycles, peptides, 
30 saccharides, steroids, and the like. The agents may be modified to enhance efficacy, stability, 
pharmaceutical compatibility, and the like. Structural identification of an agent may be used 
to identify, generate, or screen additional agents. For example, where peptide agents are 
identified, they may be modified in a variety of ways to enhance their stability, such as using 
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an unnatural amino acid, such as a D-amino acid, particularly D-alanine, by functionalizing 
the amino or carboxylic terminus, e.g. for the amino group, acylation or alkylation, and for the 
carboxyl group, esterification or amidification, or the like. 

5 For primary screening, a useful concentration of a candidate agent according to the invention 
is from about 10 mM to about 100 pM or more (i.e. 1 mM, 10 mM, 100 mM, 1 M etc.). The 
primary screening concentration will be used as an upper limit, along with nine additional 
concentrations, wherein the additional concentrations are determined by reducing the primary 
screening concentration at half-log intervals (e.g. for 9 more concentrations) for secondary 
1 0 screens or for generating concentration curves. 

High throughput screening kit 

A high throughput screening kit according to the invention comprises all the necessary means 
and media for performing the detection of an agent that modulates platelet-mediated 
15 aggregation by interacting with a target of the invention, such as for example vWF, or 
fragment thereof in the presence of a polypeptide (for example, a polypeptide represented by 
SEQ ID NOs: 1 to 15, 20 to 34, 38 to 45, 62 to 65 or a polypeptide construct), preferably at a 
concentration in the range of 1pM to 1 mM. The kit comprises the following. Recombinant 
cells of the invention, comprising and expressing the nucleotide sequence encoding vWF, or 
fragment thereof, which are grown according to the kit on a solid support, such as a microtiter 
plate, more preferably a 96 well microtiter plate, according to methods well known to the 
person skilled in the art especially as described in WO 00/02045. Alternatively vWF, or 
fragment thereof is supplied in a purified form to be immobilized on, for example, a 96 well 
microtiter plate by the person skilled in the art. Alternatively vWF, or fragment thereof is 
supplied in the kit pre-immobilized on, for example, a 96 well microtiter plate. Alternatively, in 
cases where the macromolecule to be screened against is gplb, gpla/lla, or collagen, the 
above embodiments would carry gplb, gpla/lla, or collagen polypeptide or polynucleic acid 
respectively in place of vWF. Kit may contain more than one macromolcule (e.g. vWF, gplb or 
collagen macromolecule and/or polynucleic acid). Modulator agents according to the 
invention, at concentrations from about 1 pM to 1 mM or more, are added to defined wells in 
the presence of an appropriate concentration of polypeptide construct said concentration of 
said polypeptide preferably in the range of 1 pM to 1 mM. Kits may contain more than one 
polypeptide 
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Binding assays are performed as according to the methods already disclosed herein and the 
results are compared to the baseline level of, for example vWF, or fragment thereof binding 
to a polypeptide, such as, for example, a polypeptide represented by any of SEQ ID NOs: 2 
to 15, 20 to 34, 38 to 45 or 62 to 65, but in the absence of added modulator agent. Wells 
showing at least 2 fold, preferably 5 fold, more preferably 10 fold and most preferably a 100 
fold or more increase or decrease in vWF-polypeptide binding (for example) as compared to 
the level of activity in the absence of modulator, are selected for further analysis. 

Other Kits Useful According to the Invention 

The invention provides for kits useful for screening for modulators of platelet-mediated 
aggregation, as well as kits useful for diagnosis of diseases or disorders characterised by 
dysregulation platelet-mediated aggregation. Kits useful according to the invention can 
include an isolated vWF, or fragment thereof. Alternatively, or in addition, a kit can comprise 
cells transformed to express vWF, or fragment thereof. In a further embodiment, a kit 
according to the invention can comprise a polynucleotide encoding vWF, or fragment thereof . 
In a still further embodiment, a kit according to the invention may comprise the specific 
primers useful for amplification of vWF, or fragment thereof. Alternatively, in cases where the 
macromolecule to be screened against is gplb, or collagen, the above embodiments would 
carry gplb, gpla/lla, or collagen polypeptide or polynucleic acid, or fragment thereof 
respectively in place of vWF. Kit may contain more than one macromolcule (e.g. vWF, gplb, 
or collagen macromolecule or polynucleic acid, or fragment thereof). Kits useful according to 
the invention can comprise an isolated polypeptide represented by any of SEQ ID NOs: 1 to 
15, 20 to 47 or 62 to 65, a homologue thereof, or a functional portion thereof, or a polypeptide 
construct according to the invention. A kit according to the invention can comprise cells 
transformed to express said polypeptide. Kits may contain more than one polypeptide. In a 
further embodiment, a kit according to the invention can comprise a polynucleotide encoding 
a macromolecule, for example, vWF, gplb, or collagen, or fragment thereof. In a still further 
embodiment, a kit according to the invention may comprise the specific primers useful for 
amplification of a macromolecule such as, for example, vWF gplb, or collagen, or fragment 
thereof. All kits according to the invention will comprise the stated items or combinations of 
items and packaging materials therefore. Kits will also include instructions for use. 
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Medical devices 

The invention also provides for invasive medical devices coated with a polypeptide construct 
of the invention or an agent resulting from a screening method of the invention for use in 
devices requiring the same. Non-limiting examples of devices include surgical tubing, 
5 occlusion devices, prosthetic devices. Application for said devices include surgical 

procedures which require a modulation of platelet-mediated aggregation around the site of 
invasion. 

One embodiment of the present is a method for treating invasive medical devices to prevent 
10 platelet-mediate aggregation around the site of invasion comprising the step of coating said 
device with a polypeptide construct or agent according to the invention. 

Another embodiment of the present is a invasive medical devices that circumvents platelet- 
mediate aggregation around the site of invasion, wherein said device is coated with a 
1 5 polypeptide construct or agent according to the invention. 
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EXAMPLES 

The invention is illustrated by the following non-limiting examples. 

Legend to examples 

Example 1. Immunization of Ilama002 

Example 2. Repertoire cloning 

Example 3. Rescue of the library, phage preparation 

Selection for binders for vWF inhibiting the interaction with collagen: 

Example 4. Selection for binders for vWF inhibiting the interaction with collagen first and 
second round of panning 

Example 5. Functional characterization of vWF binders Inhibition of binding of vWF to 
collagen by VHH 

Example 6. Expression and purification of VHH 
Example 7. ELISA binding to vWF 
Example 8. Specificity of the VHHs 
Example 9. Inhibition ELISA with purified VHH 
Example 10. Sequencing of the clones 
Example 11. Epitope mapping 

Example 12. Bivalent and bispecific VHHs expression and purification 
Example 13. Binding in ELISA to vWF 
Example 14. Inhibition ELISA with purified VHH 

Example 15. Stability of bivalent or bispecific constructs in human plasma 

Example 16. Evaluate inhibition by VHH at high shear. 

Selection of binders for vWF inhibiting the interaction with platelets: 

Example 17. Selection of binders for vWF inhibiting the interaction with platelets panning 

Example 18. Screening for binding to the A1 domain of vWF 

Example 19. Selection of binders for vWF inhibiting the interaction with platelets MATCHM 

Example 20. ELISA binding to vWF of purified VHH 

Example 21 . Inhibition ELISA with purified VHH 

Example 22. Sequencing of the clones 

Example 23. Evaluate inhibition by VHH at high shear. 

Example 24. Bivalent VHHs expression and purification 

Example 25. Evaluate inhibition by VHH at high shear. 
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Make bispecific constructs for vWF-specific VHH: 
Example 26. Construction and sequence of bispecific constructs 
Example 27. Expression and purification of bispecific constructs 
Example 28. Binding to vWF 

Example 29. Inhibition of binding of vWF to collagen by the bispecific constructs as 

compared to the monovalent VHHs 

Example 30. Evaluate inhibition by VHH at high shear. 

Screening for binders for collagen type I and type III: 

Example 31. Selection of binders for collagen type I 

Example 32. Test VHH in ELISA for binding to collagen type I and type III. 

Example 33. Sequencing of the clones 

Example 34. Binding of purified VHH to collagen type I and type III 
Example 35. Selection of binders for collagen type I inhibiting the interaction with vWF 
Example 36. Test VHH in ELISA for binding to collagen type I and type III. 
Example 37. Sequencing of the clones 

Example 38. Binding of purified VHH to collagen type I and type III 

Example 39. Test inhibition of binding of vWF to collagen by collagen-specific VHH in ELISA 
Example 40. Test inhibition of platelet aggregation by collagen-specific VHH at low and at 
high shear 

Improved half-life of VHH: 

Example 41. Immunization of llamas 

Example 42. Repertoire cloning 

Example 43. Rescue of the library, phage preparation 

Example 44. Phage ELISA 

Example 45. Selection first and second round of biopanning 

Example 46. Screening of individual clones after biopanning 

Example 47. Hinfl patern and sequencing 

Example 48. Test cross-reactivity with albumin of different species 

Example 49. Expression and purification 

Example 50. ELISA on MSA of the purified nanobodies 

Example 51. Construction and sequence of bispecific constructs 

Example 52. Expression and purification of bispecific constructs 

Example 53. Functionality of both VHHs in the bispecific construct 



WO 2004/062551 



PCT/BE2004/000002 



56 

Example 54. Inhibition of binding of vWF to collagen by the bispecific constructs as 
compared to the monovalent VHHs 

Selection of binders for gplb inhibiting the interaction with vWF: 
Example 55. Selection of binders for rgplb 
Example 56. Screening for binders in ELISA. 
Example 57. Binding of purified VHH to rgplb 
Example 58. Sequencing of the clones 

Example 59. Test inhibitory properties of VHHs specific for gplb 
Example 60. Evaluate inhibition by VHH at high shear. 

Coating of stents, tubings, balloons, catheters, transplantation material with VHH: 

Example 61. Stability of VHH 

Example 62. VHH immobilized in a polymer 

Humanisation of C37: 

Example 63. Alignment of C37 with DP-47 

Example 64. Mutagenesis of C37 

Fragments of anti-VWF VHHs 

Example 65. Expression of a VHH-CDR3 fragment of VWF-C37 

Example 66. Selection via first and second round biopanning on recombinant A1 (rA1) 

Example 67. Screening of individual clones after biopanning 

Example 68. Hinfl pattern and sequencing 

Example 69. Inhibition ELISA 

Examples 

Example 1: Immunization of Ilama002 

One llama was immunized with a cocktail of vWF and collagen type I and type III Those 
antigens are all involved in the first interactions leading to platelet aggregation (Figure 1). The 
immunization scheme is summarized in Table 1 

Example 2: Repertoire cloning 

Peripheral blood lymphocytes (PBLs) were isolated by centrifugation on a density gradient 
(Ficoll-Paque Plus Amersham Biosciences). PBLs were used to extract total RNA 
(Chomczynski and Sacchi 1987). cDNA was prepared on 100 \ig total RNA with MMLV 
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Reverse Transcriptase (Gibco BRL) using oligo d(T) oligonucleotides. The cDNA was purified 
with a phenol/chloroform extraction, followed by an ethanol precipitation and subsequently 
used as template to amplify the VHH repertoire. 

In a first PCR, the repertoire of both conventional (1.6 kb) and heavy-chain (1.3 kb) antibody 
gene segments were amplified using a leader specific primer (5' - 
GGCTGAGCTCGGTGGTCCTGGCT- 3') and the oligo d(T) primer (5*- 
AACTGGAAGAATTCGCGGCCGCAGGAA I I I I I I I I I I I II I I I I 1-3'). The resulting DNA 
fragments were separated by agarose gel electrophoresis and the 1.3 kb fragment, encoding 
heavy-chain antibody segments was purified from the agarose gel. A second PCR was 
performed using a mixture of FR1 reverse primers and the same oligo d(T) forward primer. 
The PCR products were digested with Sfii (introduced in the FR1 primer) and BstEU (naturally 
occurring in FR4). Following gel electrophoresis, the DNA fragment of approximately 400 
basepairs were purified from gel and ligated into the corresponding restriction sites of 
phagemid pAX004 to obtain a library of cloned VHHs after electroporation of Escherichia coli 
TG1. The size of the library was 1 .4 x 10 7 cfu, and all clones contained insert of the correct 
size. 

Example 3: Rescue of the library, phage preparation 

The library was grown at 37°C in 10 ml 2xTY medium containing 2% glucose, and 100 pg/ml 
ampicillin, until the OD600nm reached 0.5. M13K07 phages (10 12 ) were added and the 
mixture was incubated at 37°C for 2 x 30 minutes, first without shaking, then with shaking at 
100 rpm. Cells were centrifuged for 10 minutes at 4500 rpm at room temperature. The 
bacterial pellet was resuspended in 50 ml of 2xTY medium containing 100 pg/ml ampicillin 
and 25 pg/ml kanamycin, and incubated overnight at 37°C with vigorously shaking at 250 
rpm. The overnight cultures were centrifuged for 15 minutes at 10000 rpm at 4°C. Phages 
were PEG precipitated (20% poly-ethylene-glycol and 1.5 M NaCI) and centrifuged for 30 
minutes at 10000 rpm. The pellet was resuspended in 20 ml PBS. Phages were again PEG 
precipitated and centrifuged for 30 minutes at 20000 rpm and 4°C. The pellet was dissolved 
in 5 ml PBS-1% casein. Phages were titrated by infection of TG1 cells at OD600nm= 0.5 and 
plating on LB agar plates containing 100 pg/ml ampicillin and 2% glucose. The number of 
transformants indicates the number of phages (= pfu). The phages were stored at -80°C with 
15% glycerol. 
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Selection for binders for vWF inhibiting the interaction with collagen (Figure 2) 
Example 4: Selection for binders for vWF inhibiting the interaction with collagen: first 
and second round of panning 

A well in a microtiterplate was coated with 2 ng/ml vWF or with PBS containing 1% casein. 
After overnight incubation at 4 # C, the wells were blocked with PBS containing 1% casein, for 
3 hours at RT. 200 phages was added to the wells. After 2 hours incubation at RT, the 
wells were washed 10x with PBS-Tween and 10x with PBS. Phages were specifically eluted 
with 100 |xi of 100 jig/ml collagen type III. Elutions were performed for overnight at room 
temperature. Eluted phages were allowed to infect exponentially growing TG1 cells, and were 
then plated on LB agar plates containing 100 ng/ml ampicillin and 2% glucose. This 
experiment was repeated for a second round of panning, under the same conditions as 
described above. The results from the panning are presented in Table 2. 

Example 5: Functional characterization of vWF binders: Inhibition of binding of vWF to 
collagen byVHH 

A microtiter plate was coated overnight at 4"C with collagen type III at 25 pg/ml in PBS. The 
plate was washed five times with PBS-Tween and blocked for 2 hours at room temperature 
with PBS containing 1 % casein. The plate was washed five times with PBS-tween. 100 |il of 2 
ng/ml vWF (vWF is pre-incubated at 37°C for 15 minutes) was mixed with 20 jil periplasmic 
extract containing a VHH antibody (described in Example 6) and incubated for 90 minutes at 
room temperature in the wells of the microtiterplate. The plate was washed five times with 
PBS-tween. An anti-vWF-HRP monoclonal antibody (DAKO) was diluted 3,000-fold in PBS 
and incubated for 1 hour. The plate was washed five times with PBS-Tween and vWF-binding 
was detected with ABTS/H 2 0 2 . Signals were measured after 30 minutes at 405 nm. The 
results are presented in Table 3, showing that inhibitors are obtained after the first and 
second round of panning. 

Example 6: Expression and purification of VHH 

Plasmid was prepared for binders for vWF inhibiting the interaction with collagen typelll and 
was transformed into WK6 electrocompetent cells. A single colony was used to start an 
overnight culture in LB containing 2% glucose and 100 pg/ml ampicillin. This overnight culture 
was diluted 100-fold in 300 ml TB medium containing 100 ^g/ml ampicillin, and incubated at 
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37"C until OD600nm= 0.5. 1 mM IPTG was added and the culture was incubated for 3 more 
hours at 37'C or overnight at 28*C. 

Cultures were centrifuged for 20 minutes at 10000 rpm at 4'C. The pellet was frozen 
overnight or for 1 hour at -20°C. Next, the pellet was thawed at room temperature for 40 
minutes, re-suspended in 20 ml PBS and shaken on ice for 1 hour. Periplasmic fraction was 
isolated by centrifugation for 20 minutes at 4*C at 20000 rpm. The supernatant containing the 
VHH was loaded on Ni-NTA and purified to homogeneity. The yield of VHH was calculated 
according to the extinction coefficient. Results are summarized in Table 4. 

Example 7: ELISA: binding to vWF 

A microtiter plate was coated with 2 jig/ml vWF, overnight at 4 W C. Plates were blocked for two 
hours at room temperature with 300 ^l 1% casein in PBS. The plates were washed three 
times with PBS-Tween. Dilution series of all purified samples were incubated for 2 hours at 
RT. Plates were washed six times with PBS-Tween, after which binding of VHH was detected 
by incubation with mouse anti-myc mAB 1/2000 in PBS for 1 hour at RT followed by anti- 
mouse-HRP conjugate 1/1000 in PBS f also for 1 hour at RT. Staining was performed with the 
substrate ABTS/H 2 0 2 and the signals were measured after 30 minutes at 405 nm. The 
binding as a function of concentration of purified VHH is indicated in Figure 3. 

Example 8: Specificity of the VHHs 

Microtiterplates were coated with 2 ng/ml vWF and 3 other antigens not involved in platelet 
aggregation, but that were also immunized in llama 002. ELISA was performed as described 
in Example 7 with 670, 67 and 6.7 nM VHH. Results are summarized in Table 5. The results 
show that the inhibitory VHH are specific for vWF. 

Example 9: Inhibition ELISA with purified VHH 

Inhibition ELISA was performed as described in Example 5 but with decreasing 
concentrations of VHH and with human plasma at a dilution of 1/60 instead of with purified 
vWF or with human undiluted plasma. Results are represented in figure 4. The concentration 
of VHH resulting in 50% inhibition (IC50) is given in Table 6. 
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Example 10: Sequencing of the clones 

Clones were sequenced with M13 universal reverse primer. Amino acid sequences are 
shown in Table 30 (SEQ ID numbers 1 , 3, 4, 5, 6 and 7). 

5 Example 11: Epitope mapping 

Cloning the A3 domain of vWF in pBAD-Qprl-ss 

The pBAD-Oprl-strep-spec vector was used to display the VWF A3 domain as a fusion with 
Oprl on the surface of UT5600 E.coli cells (F- ara-14 leuB6 azi-6 lacY1 prod 4 tsx-67 
entA403 trpE38 rfbD1 rpsL109 xyl-5 mtl-1 thil DompT fepC266) (Cote-Sierra et al, 1998, 
10 Gene, 221: 25-34). The gene coding for the A3 domain of vWF (201 aa) was amplified by 
PCR using the A3for and A3back PCR primers. 

A3for: CTG GTG ctg cag agg tga agc ttc gga gag ggg ctg cag atc 
A3back: atc cat gca aat cct cta gaa tcc aga gca cag ttt gtg gag 

Fragment and vector were digested with Hindlll and Xbal, ligated and transformed in UT5600 
(= pBAD-vWFA1/pBAD-vWFA3). Transformed cells were plated on LB agar plates containing 
20 pg/ml streptomycin, 50 pg/ml spectinomycin. 

The pBAD-vWFA3 plasmid was transformed in UT5600 F- cells and plated on LB agar plates 
with 20 pg/ml streptomycin, 50 pg/ml spectinomycin. A single colony was used to inoculate 
LB medium with 20 pg/ml streptomycin, 50 pg/ml spectinomycin. Cells were grown overnight 
at 37°C at 200 rpm. The next day, cells were induced with 0.2% arabinose and incubated for 
1 more hour at 37°C at 150 rpm. Total cell lysates were boiled in reducing sample buffer, 
loaded on a 12% SDS-PAGE and transferred to nitrocellulose for Western blotting. 
Transferred proteins were detected using a monoclonal anti-Oprl antibody (SH2.2) (Cote- 
Sierra et ai, 1998, Gene, 221: 25-34). An anti-mouse IgG conjugated with alkaline 
phosphatase was applied (Sigma), and the blots were developed with BCIP/NBT (Figure 5). 
The pBAD-vWF-A3 plasmids were transformed in UT5600 F- cells and plated on LB agar 
plates with 20 pg/ml streptomycin, 50 pg/ml spectinomycin. A single colony was used to 
inoculate LB medium with 20 (jg/ml streptomycin, 50 pg/ml spectinomycin. Cells were grown 
overnight at 37°C at 200 rpm. The next day, cells were induced with 0.2% arabinose and 
incubated for 1 more hour at 37°C at 150 rpm. A microtiter plate was coated overnight at 4*C 
with the monoclonal anti-Oprl antibody (SH2.2) diluted 1/1 000 in PBS and blocked for 2 hours 
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at RT with PBS containing 1% casein. After induction, total cells were allowed to bind to the 
plate for 1 hour at room temperature. The plates were washed five times with PBS-Tween. 
Phage preparations of single colonies were allowed to bind for two hours at room 
temperature. The plates were washed five times with PBS-Tween. An anti-M13 HRP 
conjugate was used for detection of phage binding to £ coli cells expressing the A3 domain 
or to an irrelevant antigen on their surface. The plates were washed five times with PBS- 
Tween. Staining was performed with ABTS/H 2 0 2 and signals were measured after 30 minutes 
at 405 nm. Results are summarized in Table 7. 

Example 12: Bivalent and bispecific VHHs: expression and purification 

The E. coli production vector pAX1 1 was designed (Figure 6), which allows the two-step 
cloning of bivalent or bispecific VHH. 

The carboxy terminal VHH is cloned first with Pstl and BstEII, while in the second step the 
other VHH is inserted by Sfil and Notl, which do not cut within the first gene fragment. The 
procedure avoids the enforcement of new sites by amplification and thus the risk of 
introducing PCR errors. The sequence is shown in Table 30 (SEQ ID numbers 8, 9, 10, 11 
and 12). 

Protein was expressed and purified as described in Example 6. An extra purification step was 
needed on superdex 75 for removal of some monovalent degradation product (5-10%). Yields 
obtained for 1 liter expression and purification of bivalent protein in E. coli are summarized in 
Table 8. 

Example 13: Binding in ELISA to vWF 

Binding to vWF was tested in ELISA as described in Example 7 and compared to binding of 
monovalent VHH. The results are shown in Figure 7. It is clear from the results that bivalent 
and bispecific VHH show stronger binding to VWF when compared to monovalent VHH. 

Example 14: Inhibition ELISA with purified VHH 

Inhibition for binding of vWF to collagen was tested for monovalent as compared to bivalent 
VHHs as described in Example 5. Instead of using purified vWF, human, baboon and pig 
plasma was used in parallel at a dilution of 1/60. IC50 values are summarized in Table 9. 
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Example 15: Stability of bivalent or bispecific constructs in human plasma 

Stability of bivalent constructs was tested by incubation at 37°C in human plasma. AM-4-15- 
3/AM2-75 was incubated in human plasma at a concentration of 38 jxg/ml at 37°C. A sample 
was removed after 1, 2, 3, 6 and 24 hours incubation. Samples were diluted 10-fold and 
5 analyzed by Western blot. Results are summarized in Figure 8 and show that the bivalent 
construct is stable for at least 24 hours at 37°C in human plasma. 

Example 16: Evaluation of inhibition by VHH at high shear. 

Glass coverslips (18x18 mm, Menzel Glaser) were cleaned overnight by a chromosulfuric 

10 acid (2% chromium trioxide) solution and rinsed with distilled water before spraying. 
Monomeric collagen type III was solubilized in 50 mmoI/L acetic acid and sprayed with a 
density of 30 pg/cm 2 on glass coverslips with a retouching airbrush (Badger model 100, 
Badger Brush Co). After the spraying procedure, the collagen surface was blocked for 1 hour 
with 1% human albumin in PBS (10 mmol/L phosphate buffer, pH 7.4, and 0.15 moI/L NaCI) 

15 to prevent nonspecific protein binding during the subsequent perfusion. Perfusion studies 
over collagen type III were carried out in a specially devised small parallel-plate perfusion 
chamber with well-defined rheological characteristics accommodating a glass coverslip. 
Whole blood was obtained by venipuncture from volunteers. Blood was drawn through the 
perfusion chamber by a Harvard infusion pump (pump 22, model 2400-004; Harvard, Natick, 

20 MA). The perfusion time was 5 minutes. Triplicate coverslips were inserted in the chamber. 
Five milliliters of whole blood was pre-warmed at 37°C for 5 minutes with or without addition 
of VHH, and then recirculated through the chamber for 5 minutes at a wall shear rate of 
300 s" 1 or 1600 s~ 1 . The coverslips were removed, rinsed , fixed with 0.05% glutaraldehyde, 
dehydrated with methanol, and stained with May-GrQnwald/Giemsa. Platelet adhesion was 

25 quantitated with a light microscope (1,000* magnification) connected to a computerized 
image analyzer (AMS 40-10, Saffron Walden, UK). Platelet adhesion was expressed as the 
percentage of the surface covered with platelets. Results are summarized in Table 1 0 and 1 1 . 
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Selection of binders for vWF inhibiting the interaction with platelets (figure 9). 
Example 17: Selection of binders for vWF inhibiting the interaction with platelets: 
panning 

Immunotubes were coated with 2 ng/ml vWF or with PBS containing 1% casein. After 
overnight incubation at 4°C, the tubes were blocked with PBS containing 1% casein, for 3 
hours at RT. 200 pi phages were added to the immunotubes with a final volume of 2 ml in 
PBS. After 2 hours incubation at RT, the immunotubes were washed 10x with PBS-Tween 
and 10x with PBS. Bound phages were eluted with 2 ml 0.2 M glycin buffer pH= 2.4. Elutions 
were performed for 20 minutes at room temperature. Eluted phages were allowed to infect 
exponentially growing TG1 cells, and were then plated on LB agar plates containing 100 
\ig/m\ ampicillin and 2% glucose. The results from the panning are presented in Table 12. 

Example 18: Screening for binding to the A1 domain of vWF 

The pBAD-Oprl-strep-spec vector was used to display the VWF A1 domain as a fusion with 
Oprl on the surface of UT5600 E.coli cells (F- ara-14 leuB6 azi-6 lacY1 proC14 tsx-67 
entA403 trpE38 rfbD1 rpsL109 xyl-5 mtM thil DompT fepC266) (Cote-Sierra et al, 1998, 
Gene, 221: 25-34). The gene coding for the A1 domain of vWF (219aa) was amplified by 
PCR using the A1for and Alback PCR primers. 

A1for: CCG GTG AGC CCC ACC ACT CTA AGC TTG GAG GAC ATC TCG GAA CCG 

Alback: ccc cag ggt cga aac cct cta gag ccc cgg. gcc cac agt gac 
Fragment and vector were digested with Hindlll and Xbal, ligated and transformed in UT5600 
(= pBAD-vWFA1/pBAD-vWFA3). Transformed cells were plated on LB agar plates containing 
20 pg/ml streptomycin, 50 pg/ml spectinomycin. 

The pBAD-vWFA1 plasmid was transformed in UT5600 F- cells and plated on LB agar plates 
with 20 pg/ml streptomycin, 50 pg/ml spectinomycin. A single colony was used to inoculate 
LB medium with 20 pg/ml streptomycin, 50 pg/ml spectinomycin. Cells were grown overnight 
at 37°C at 200 rpm. The next day, cells were induced with 0.2% arabinose and incubated for 
1 more hour at 37°C at 150 rpm. Total cell lysates were boiled in reducing sample buffer, 
loaded on a 12% SDS-PAGE and transferred to nitrocellulose for Western blotting. 
Transferred proteins were detected using a monoclonal anti-Oprl antibody (SH2.2) (Cote- 
Sierra et al, 1998, Gene, 221: 25-34). An anti-mouse IgG conjugated with alkaline 
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phosphatase was applied (Sigma), and the blots were developed with BCIP/NBTas shown in 
Figure 10. 

The ELISA was performed as described in Example 11. Results are summarized in Table 13. 
The results indicate that vWF-A1 domain-specific VHH are obtained. 

Example 19: Selection of binders for vWF inhibiting the interaction with platelets: 
MATCHM 

E.coli cells expressing the A1 domain of vWF (Example 18) were used for a MATCHM 
experiment: UT5600 cells transformed with pBAD-Oprl-A1 were grown and induced with 
0.2% arabinose. Cells were washed and incubated with the phages for 1 hour at RT. This 
mixture was washed 7 times with PBS-Tween and phages were eluted with exponentially 
growing TG1 cells. We performed a first and a second round of selection. Results are 
summarized in Table 14. 

Example 20: ELISA: binding to vWF of purified VHH 

VHH specific for the A1 domain of vWF were expressed and purified as described in Example 
6. Binding in ELISA to vWF was measured as described in Example 7. Results are shown in 
Figure 11. 

Example 21: Inhibition ELISA with purified VHH 

A microtiter plate was coated overnight at 4°C with an antibody specific for platelet receptor 
gplb at 5ng/ml in PBS. The plate was washed five times with PBS-Tween, and blocked with 
300 fil PBS-1% casein for 2 hours at room temperature. The plate was washed 3 times with 
PBS-Tween. Platelet receptor gplb (gplb) was applied to the wells of the microtiter plate at a 
concentration of 1 pg/ml and allowed to bind for 2 hours at room temperature. The plate was 
washed five times with PBS-Tween. VHH (A38 (negative control) and A50 (vWF A1 binder)) 
was added at decreasing concentration. Plasma containing vWF was pre-incubated at a 
dilution of 1/128 at 37 W C for 5 minutes. Risto was added at a final concentration of 760 pg/ml 
and added to the VHH. This mixture was incubated for 30 minutes at room temperature. 100 
jii of this mixture was then applied to a microtiter plate well and incubated for 90 minutes at 
room temperature. The plate was washed five times with PBS-Tween. A anti-vWF-HRP 
monoclonal antibody was diluted 3.000-fold in PBS and incubated for 1 hour. The plate was 
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washed five times with PBS-tween and vWF-binding was detected with ABTS/H 2 0 2 . Signals 
were measured after 30 minutes at 405 nm. Results are summarized in Figure 12. 

Example 22: Sequencing of the clones 

Clones were sequenced with M13 universal reverse primer. Amino acid sequences are 
shown in Table 30 (SEQ ID numbers 23, 24, 25 f 26, 27, 28, 29, 30 and 31). 

Example 23: Evaluate inhibition by VHH at high shear. 

Shear experiments were performed as described in Example 16. Platelet adhesion was 
expressed as the percentage of the surface covered with platelets. Results are summarized in 
Table 15 and 16. 

Example 24: Bivalent VHHs: expression and purification 

Bivalent molecules were constructed as described in Example 12. The sequence is shown in 
Table 30 (SEQ ID numbers 32, 33 and 34). 

Protein was expressed and purified as described in Example 6. An extra purification step was 
needed on superdex 75 for removal of some monovalent degradation product (5-10%). 

Example 25: Evaluate inhibition by VHH at high shear. 

Shear experiments were performed as described in Example 16. Platelet adhesion was 
expressed as the percentage of the surface covered with platelets. Results are summarized in 
Table 17 and 18. 

Make bispecific constructs for vWF-specific VHH (Figure 13) 
Example 26: Construction and sequence of bispecific constructs 

Constructs were made as described in Example 12, with one VHH specific for vWF and 
inhibiting the interaction with collagen, and the second VHH also specific for vWF but 
inhibiting the interaction with platelet receptor gplb. Sequences are shown in Table 30 (SEQ 
ID NOs: 20, 21 and 22) 



WO 2004/062551 



PCT/BE2004/000002 



66 

Example 27: Expression and purification of bispecific constructs 

Protein was expressed and purified as described in Example 6. A extra purification step was 
needed on superdex 75 for removal of some monovalent degradation product (5-10%). Yields 
obtained for 1 liter expression and purification of bispecific protein in £. coli are summarized 
5 in Table 19. 

Example 28: Binding to vWF 

Binding to vWF was tested in ELISA as described in example 7. Results are shown in Figure 
14. 

Example 29: Inhibition of binding of vWF to collagen by the bispecific constructs as 
compared to the monovalent VHHs 

Inhibition for binding of vWF to collagen was tested for monovalent as compared to bispecific 
constructs as described in example 5. IC50 values are summarized in Table 20. 

Example 30: Evaluate inhibition by VHH at high shear. 

Shear experiments were performed as described in Example 16. Platelet adhesion was 
expressed as the percentage of the surface covered with platelets. Results are summarized in 
Table 21 and 22. 

Screening for binders for collagen type I and type HI (Figure 15) 
Example 31: Selection of binders for collagen type I 

A micrbtiterplate was coated with 25 ng/ml collagen type I. Phages were prepared as 
described in Example 3 and allowed to bind to the well of a microtiterplate that was blocked 
for 2 hours. After washing, phages were eluted with 0.1 M glycin buffer pH=4.5. Results are 
summarized in Table 23. 

Example 32: Test VHH in ELISA for binding to collagen type I and type Ilk 

Clones were tested for binding in ELISA as described in example 7 but then on collagen type 
I or type III coated wells at 25 \xg/m\ in PBS. The results are summarized in Table 24. 
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Example 33: Sequencing of the clones 

Clones were sequenced with Ml 3 universal reverse primer. Amino acid sequences are 
shown in Table 30 (SEQ ID numbers 35 f 36 and 37). 

Example 34: Binding of purified VHH to collagen type I and type III 

VHH were expressed and purified as described in Example 6. A microtiterplate was coated 
with 25 jig/ml collagen typel or typelll and blocked. Binders were applied in duplo dilutions 
and binding was detected as described in Example 7. Results are summarized in Figure 16. 

Example 35: Selection of binders for collagen type I inhibiting the interaction with vWF 

A microtiterplate was coated with 25 ng/ml collagen type I. Phages were prepared as 
described in Example 3 and allowed to bind to the well of a microtiterplate that was blocked 
for 2 hours. After washing, phages were eluted with 300 jig/ml vWF. A second and third 
round of selection were performed in the same way. 

Example 36: Test VHH in EL1SA for binding to collagen type I and type III. 

Clones were tested for binding to collagen type I and type III in ELISA as described in 
Example 34. 

Example 37: Sequencing of the clones 

Clones were sequenced with M13 universal reverse primer. 

Example 38: Binding of purified VHH to collagen type I and type III 

VHH were expressed and purified as described in example 6. A microtiterplate was coated 
with 25 ng/ml collagen typel or typelll and blocked. Binders were applied in duplo dilutions 
and binding was detected as described in Example 34. 

Example 39: Test inhibition of binding of vWF to collagen by collagen-specific VHH in 
ELISA 

Inhibition was tested as described in Example 5. 
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Example 40: Test inhibition of platelet aggregation by collagen-specific VHH at low and 
at high shear 

Shear experiments were performed as described in Example 16. Platelet adhesion was 
expressed as the percentage of the surface covered with platelets. 

Improved halMife of VHH 

Example 41 : Immunization of llamas 

One llama was immunized with human serum albumin (HSA). The immunization scheme is 
summarized in Table 25. 

Example 42: Repertoire cloning 

The library was prepared as described in Example 2. The size of the library was 2 x 10 7 cfu, 
and all clones contained insert of the correct size. 

Example 43: Rescue of the library, phage preparation 

Phages were prepared as described in Example 3. 

Example 44: Phage ELISA 

A microtiter plate (Maxisorp) was coated overnight at 4°C with PBS-1% casein or with 5 ng/ml 
HSA (human serum albumin). The plate was washed 3 times with PBS-Tween (0.05% 
Tween20) and blocked for 2 hours at room temperature with 200 PBS-1% casein. The 
plate was washed five times with PBS-Tween. Phages were prepared as described above 
and applied to the wells in consecutive twofold dilutions. Plates were washed five times with 
PBS-Tween. Bound phage were detected with a mouse monoclonal antibody anti-M13 
conjugated with horse radish peroxidase (HRP) diluted 1/2000 in PBS. The plates were 
washed five times with PBS-Tween. Staining was performed with ABTS/H 2 0 2 and signals 
were measured after 30 minutes at 405 nm. Results are shown in Figure 17 and indicate the 
presence of HSA-specific nanobodies in the library. 

Example 45: Selection: first and second round of biopanning 

A well in a microtiterplate was coated with 10 ng/ml mouse serum albumin (MSA), or with 
PBS containing 1% casein. After overnight incubation at 4'C, the wells were blocked with 
PBS containing 1% casein, for 3 hours at RT. 200 |il phages was added to the wells. After 2 
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hours incubation at RT, the wells were washed 10x with PBS-Tween and 10x with PBS. 
Bound phages were eluted with 100 nJ 0.2 M glycin buffer pH= 2.4. Elutions were performed 
for 20 minutes at room temperature. Eluted phages were allowed to infect exponentially 
growing £ coli TG1 cells, and were then plated on LB agar plates containing 100 jig/ml 
ampicillin and 2% glucose. A second round was performed with the same conditions as 
described above. Results are summarized in Table 26. 

Example 46: Screening of individual clones after biopanning 

ELISA: binding to human serum albumiri (HSA) and mouse serum albumin (MSA) 
Periplasmic extract was prepared as described in Example 6. 

A microtiter plate was coated with 5 ng/ml HSA, with 5 ^ig/ml mouse serum albumin (MSA) or 
with PBS-1% casein, overnight at 4*C. Plates were blocked for two hours at room 
temperature with 300 1% casein in PBS. The plates were washed three times with PBS- 
Tween. Periplasmic fraction was prepared for 23 individual clones after the first and second 
round of selection, and allowed to bind to the wells of the microtiterplate. Plates were washed 
six times with PBS-Tween, after which binding of nanobody was detected by incubation with 
mouse anti-Histidine monoclonal antibody Serotec MCA 1396 (1/1000 dilution) in PBS for 1 
hour at RT followed by anti-mouse-alkaline phosphatase conjugate 1/2000 in PBS, also for 1 
hour at RT. Staining was performed with the substrate PNPP (p-nitrophenyl-phosphate, 2 
mg/ml in 1M diethanolamine, 1mM Mg 2 S0 4 , pH9.8) and the signals were measured after 30 
minutes at 405 nm. Results are summarized in Table 27. 

Example 47: Hinfl patern and sequencing 

A PCR was performed on positive clones after the second round of panning, with a set of 
primers binding to a sequence in the vector. The PCR product was digested with the 
restriction enzyme Hinfl and loaded on a agarose gel. 4 clones were selected with a different 
Hinfl-pattern for further evaluation. Those clones were sequenced, and results are 
summarized in Table 30 (SEQ ID numbers 16, 17, 18 and 19 ). 

Example 48: Test cross-reactivity with albumin of different species 
A SDS-PAGE was run for plasma (1/10 dilution) from different species (baboon, pig, hamster, 
human, rat. mouse and rabbit) and blotted on a nitrocellulose membrane. Phages were 
prepared for clones MSA 21. MSA 24, MSA 210, MSA212 and a irrelevant nanobody as 
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described in Example 3. Phages were allowed to bind to the nitrocellulose blotted serum 
albumins and unbound phages were washed away. Binding was detected with a anti-M13 
polyclonal antibody coupled to HRP. DAP was used as a substrate for detection. Results are 
shown in Figure 18. 

From these results we can conclude that all 4 binders are cross-reactive between pig, human, 
mouse (less for MSA212).and hamster serum albumin. MSA 21 is also cross-reactive with 
rabbit serum albumin. With the irrelevant nanobody no binding was observed (not shown). 
As a control experiment, a SDS-PAGE was run with the different plasma samples diluted 
1/100 in PBS. The gel was stained with coomassie. We can conclude from Figure 19 that 
albumin levels in all plasma samples are high except for rabbit plasma, with low levels of 
albumin. 

Example 49: Expression and purification 

Protein was expressed and purified as described in Example 6. 

Example 50: ELISA on MSA of the purified nanobodies 

A microtiterplate was coated with 5 ng/ml MSA overnight at 4C. After washing, the plate was 
blocked for 2 hours at RT with PBS-1% casein. Samples were applied in duplicate starting at 
a concentration of 2500 nM at 1/3 dilutions and allowed to bind for 2 hours at RT. A 
polyclonal rabbit anti-nanobody serum was added at 1/1000 (K208) for one hour at RT. 
Detection was with anti-rabbit alkaline phosphatase conjugate at 1/1000 and staining with 
PNPP. Results are shown in Figure 20. 

Example 51: Construction and sequence of bispecific constructs 
Bispecific constructs were prepared with the first VHH specific for albumin (MSA21) and the 
second VHH specific for vWF (Figure 21). Constructs were made as described in Example 
12. Sequences are shown in Table 30 (SEQ ID numbers 13, 14 and 15) 

Example 52: Expression and purification of bispecific constructs 

Protein was expressed and purified as described in Example 6. A extra purification step was 
needed on superdex 75 for removal of some monovalent degradation product (5-10%). 
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Example 53: Functionality of both VHHs in the bispecific construct 

A microtiterplate was coated with 5 ^ig/ml mouse serum albumin overnight at 4°C. After 
washing the plate, wells were blocked for 2 hours with PBS-1% casein. The bispecific 
proteins were allowed to bind to the wells for 2 hours at RT. After washing, human, dog and 
pig plasma was added at different dilutions and allowed to bind for 2 hours at RT. Binding of 
vWF was detected with anti-vWF-HRP from DAKO at 1/3000 dilution. Staining was performed 
with ABTS/H 2 0 2 . Results are shown in Figure 22 and indicate that functionality of both VHHs 
is retained in the bispecific construct. 

Example 54: Inhibition of binding of vWF to collagen by the bispecific constructs as 
compared to the monovalent VHHs 

Inhibition for binding of vWF to collagen was tested for monovalent as compared to bispecific 
constructs as described in Example 5. IC50 values are summarized in Table 28. Results 
indicate that the inhibitory properties of the VHH are retained in the bispecific construct. 

Selection of binders for qplb inhibiting the interaction with vWF (Figure 23) 

Immunization, repertoire cloning and phage preparation were performed as described in 
Examples 1 , 2, 3. 

Example 55: Selection of binders for rgplb 

A microtiterplate was coated with a mouse mAb against rgplb. The plate was blocked and 
rgplb was allowed to bind for 2 hours at RT at 5 ^ig/ml. The plate was washed. Phages were 
prepared as described above and allowed to bind to the wells of the microtiterplate. After 
washing, phages were eluted with 0.1 M glycin buffer pH=4.5. A second round of panning 
was performed in the same way. 

Example 56: Screening for binders in ELISA. 

Periplasmic extract was prepared as described in Example 6. 

The supernatant was applied to wells coated with mAb arid subsequently gplb, as described 
in Example 55. Dilution series of all purified samples were incubated for 2 hours at RT. Plates 
were washed six times with PBS-Tween, after which binding of VHH was detected by 
incubation with mouse anti-His-HRP mAB 1/2000 in PBS for 1 hour at RT followed by staining 
with the substrate ABTS/H 2 0 2 . The signals were measured after 30 minutes at 405 nm. 
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Example 57: Binding of purified VHH to rgplb 

Periplasmic fraction was prepared as described in Example 6. The supernatant containing the 
VHH was loaded on Ni-NTA and purified to homogeneity. The yield of VHH was calculated 
according to the extinction coefficient. ELISA was performed as described in Example 55. 

Example 58: Sequencing of the clones 

Clones were sequenced with M13 universal reverse primer. 

Example 59: Test inhibitory properties of VHHs specific for gplb 

VHHs were tested for inhibition in ELISA as described in Example 21. 

Example 60: Evaluate inhibition by VHH at high shear. 

Shear experiments were performed as described in Example 16. Platelet adhesion was 
expressed as the percentage of the surface covered with platelets. 

Coating of stents, tubings, balloons, catheters, transplantation material with VHH 
Example 61 : Stability of VHH 

VHH C37 was incubated at 37°C and inhibition of binding of vWF to collagen was measured 
at different time points by ELISA as described in Example 7. Results were compared to VHH 
stored at -20*C and are presented in Figure 24. Shown for comparison are the activities of a 
scFv against B3 antigen (Reiter et al f Protein Engineering, 1994, 7: 697-704), and said scFv 
modified by the introduction of a disulphide bond between framework residues 44 and 105 to 
enhance its stability (dsFv). The dsFv lost 40% of its activity after 60 hours incubation at 
37 °C. After one year of incubation at 37°C, C37 was analyzed for its inhibitory properties as 
compared to C37 stored in the freezer. The ELISA was performed as described in Example 5 
with human plasma at a final dilution of 1/200. The results are shown in Figure 25 and 
indicate that functionality is fully retained (IC50 value of 0.085 versus 0.1 ng/ml for C37 stored 
at 37°C versus -20°C). Therefore, it is expected that VHH will have a long shelf-life. 

Example 62: VHH immobilized in a polymer 

A mixture was prepared of 0.5 ml of 30% acrylamide; 1 ml of 1M Tris pH= 7.5; 3.5 ml H20; 
35 |il of 10% APS; 3.5 ji! TEMED. In some wells, VHH C37 was added at a final 
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concentration of 10 jig/ml. The mixture was allowed to polymerize in the wells of a 96-well 
plate for 3 hours at RT. Human plasma was added at different dilutions starting with undiluted 
plasma. After 1 hour incubation at RT, the plate was washed and anti-vWF-HRP (DAKO) was 
added at 1/2000, for 1 hour at RT. After washing the plate, substrate (ABTS/H 2 0 2 ) was added 
and OD405nm was measured. The result is shown in Figure 26. The results indicate that 
VHH remain functional upon immobilization in a polymer. 

Humanisation of C37 

Example 63: Alignment of C37 with DP-47 

Alignment of the C37 nanobody (SEQ ID number 1) and a human VH3 germline (DP-47) 
revealed a high degree of homology: 

o 4 AA changes in FR1 on position 1, 5, 28 and 30 

o 4 AA changes in FR3 on position 74, 75, 84 and 94 

o 3 AA changes in FR4 on position 104, 108 and 1 1 1 
as is shown in Figure 27 

Example 64: Mutagenesis of C37 

C37 was mutated by using a non-PCR based site-directed mutagenesis method as described 
by Chen and Ruffner (Chen and Ruffner, Amplification of closed circular DNA in vitro, Nucleic 
Acids Research, 1998, 1126-1127) and commercialized by Stratagene (Quickchange site- 
directed mutagenesis). 

Plasmid DNA was used as template in combination with 2 mutagenic primers (table 29) 
introducing the desired mutation(s). The 2 primers are each complementary to opposite 
strands of the template plasmid DNA. In a polymerase reaction using the Pfu DNA polymerase 
each strand is extended from the primer sequence during a cycling program using a limited 
amount of cycles. This results in a mixture of wild type and mutated strands. Digestion with 
Dpnl results in selection of mutated in vitro synthesized DNA. The DNA was precipitated and 
transformed to E. coli and analyzed for the required mutation by sequence analysis. The clone 
with the correct sequence was named C37-hum,the amino acid sequence rs in Table 30 SEQ 
ID number 2. 

Expression and purification of C37-hum was performed as described in Example 6. Inhibition 
of binding of vWF to collagen for C37 was compared to C37-hum as described in Example 5. 
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Results are shown in Figure 28. It clearly shows that the humanized version of C37 remains 
fully functional. 

The positions that still need to be humanized are: Q1, Q5, D104, Q108 and 1111. We can 
humanize position 1 and 5 without loss of inhibition since these amino acids were introduced 
by the FR1 primer and do not occur naturally in the llama sequence. We can also humanize 
position 111 since we isolated a VHH identical to C37 except for 1111V (AM-2-75 SEQ ID 
number 3) with the same functional characteristics (Example 9 and Table 6). 

Position 108 is solvent exposed in camelid VHH, while in human antibodies this position is 
buried at the VH-VL interface (Spinelli, 1996; Nieba, 1997). In isolated VHs position 108 is 
solvent exposed. The introduction of a non-polar hydrophobic Leu instead of polar uncharged 
Gin can have a drastic effect on the intrinsic foldability/stability of the molecule. 

Fragments of anti-VWF VHHs 

Example 65: Expression of a VHH-CDR3 fragment of vWF-037 

The CDR3 region of C37 was amplified by using a sense primer located in the framework 4 
region (Forward: CCCCTGGTCCCAGTTCCCTC) and an anti-sense primer located in the 
framework 3 region (Reverse: TGTGCTCGCGGGGCCGGTAC). 

In order to clone the CDR-3 fragment in pAX10, a second round PCR amplification was 
performed with following primers introducing the required restriction sites: 
Reverse primer Sfi1: 

GTCCTCGCAACTGCGGCCCAGCCGGCCTGTGCTCGCGGGGCCGGTAC 
Forward primer Not1: 

GTCCTCGCAACTGCGCGGCCGCCCCCTGGTCCCAGTTCCCTC 

The PCR reactions were performed in 50 ml reaction volume using SOpmol of each primer. 
The reaction conditions for the primary PCR were 1 1 min at 94 °C, followed by 30/60/120 sec 
at 94/55/72 °C for 30 cycles, and 5 min at 72°C. All reaction were performed wit 2.5 mM 
MgCI2 , 200 mM dNTP and 1.25U AmpliTaq God DNA Polymerase (Roche Diagnostics, 
Brussels, Belgium). 

After cleavage with Sfi1 and Not1 the PCR product was cloned in pAX10. 
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Isolation of conformation-specific anti-vWF VHH's 

Example 66: Selection via first and second round biopanning on recombinant A1 (rA1) 

A well in a microtiter plate was coated with 5 jig/ml recombinant A1 domain of vWF (rA1), or 
with PBS containing 1% casein. After overnight incubation at 4*C, the wells were blocked 
with PBS containing 1% casein, for 3 hours at RT. 200 ^l phages was added to the wells. 
After 2 hours incubation at RT, the wells were washed 10x with PBS-Tween and 10x with 
PBS. Bound phages were eluted with 100 nl 0.2 M glycin buffer, pH 2.4. Elutions were 
performed for 20 minutes at room temperature. Eluted phages were allowed to infect 
exponentially growing E. coli TG1 cells, and were then plated on LB agar plates containing 
100 jxg/ml ampicillin and 2% glucose. A second round was performed with the same 
conditions as described above but phages were re-suspended in 10 ^ig/ml vWF. The wells of 
the microtiterplate were washed 7 times for 30 minutes with 10 jig/ml vWF. Results are 
summarized in Table 31. 

Example 67: Screening of individual clones after biopanning 

ELISA: binding to rA1 and vWF 

A single colony was used to start an overnight culture in LB containing 2% glucose and 100 
ng/ml ampicillin. This overnight culture was diluted 100-fold in TB medium containing 100 
yg/ml ampicillin, and incubated at 37'C until OD600nm= 0.5. 1 mM IPTG was added and the 
culture was incubated for 3 more hours at 37*C or overnight at 28"C. Cultures were 
centrifuged for 20 minutes at 10,000 rpm at 4 # C. The pellet was frozen overnight or for 1 hour 
at -20*C. Next, the pellet was thawed at room temperature for 40 minutes, re-suspended in 
PBS and shaken on ice for 1 hour. Periplasmic fraction was isolated by centrifugation for 20 
minutes at 4*C at 20.000 rpm. The supernatant containing the VHH was used for further 
analysis. 

A microtiter plate was coated with 2 ng/ml rA1 or with 1 jig/ml vWF, overnight at 4"C. Plates 
were blocked for two hours at room temperature with 300 jnl 1% casein in PBS. The plates 
were washed three times with PBS-Tween. Periplasmic fraction was prepared for 192 
individual clones after the second round of selection, and allowed to bind to the wells of the 
microtiter plate. Plates were washed six times with PBS-Tween, after which binding of 
nanobody was detected by incubation with rabbit polyclonal anti-nanobody (1/2000 dilution) in 
PBS for 1 hour at RT followed by goat anti-rabbit-HRP conjugate 1/2000 in PBS, also for 1 
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hour at RT. Staining was performed with the substrate ABTS/H202 and the signals were 
measured after 30 minutes at 405 nm. Results are summarized in Table 32. We can conclude 
that 50 clones bind to rA1 and not to vWF. 

Example 68: Hinfl pattern and sequencing 

A PCR was performed on positive clones for rA1 and negative for vWF, after the second 
round of panning, with a set of primers binding to a sequence in the vector. The PCR product 
was digested with the restriction enzyme Hinfl and loaded on a agarose gel. 30 clones were 
selected with a different Hinfl-pattern for further evaluation. Those clones were tested in more 
detail by ELISA as described in example 67. Out of the 30 clones, 4 were shown to clearly 
have a much higher affinity for rA1 than for vWF. The data are shown in Figures 29 (binding 
to rA1) and 30 (binding to vWF). These clones were sequenced, and results are summarized 
in Table 30 (SEQ ID numbers 62 to 65). 

Example 69: Inhibition ELISA 

Inhibition by nanobodies for binding of vWF to gplb was determined by ELISA. A microtiter 
plate was coated overnight at 4°C with an antibody specific for platelet receptor gplb at 
5^ig/ml in PBS. The plate was washed five times with PBS-Tween, and blocked with 300 \il 
PBS-1% casein for 2 hours at room temperature. The plate was washed 3 times with PBS- 
Tween. Plasma was applied to the wells of the microtiter plate at a 1/2 dilution and allowed to 
bind for 1.5 hours at 37C. The plate was washed five times with PBS-Tween. VHH was 
added at decreasing concentration. Plasma containing vWF was pre-incubated at a dilution of 
1/50 at 37*C for 5 minutes. Ristocetin was added at a final concentration of 1 mg/ml and 
added to the VHH. This mixture was incubated for 1 hour 37C. 50 pJ of this mixture was then 
applied to a microtiter plate well and incubated for 90 minutes at 37C. The plate was washed 
five times with PBS-Tween. An anti-vWF-HRP monoclonal antibody was diluted 3,000-fold in 
PBS and incubated for 1 hour. The plate was washed five times with PBS-tween and vWF- 
binding was detected with ABTS/H202. Signals were measured after 30 minutes at 405 nm. 
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FIGURES 

Figure 1. Interactions involved in the first steps of platelet aggregation. 
5 Figure 2. Interactions involved in the first steps of platelet aggregation. A VHH is indicated 
inhibiting the interaction between vWF and collagen. 

Figure 3. Binding to vWF as determined by ELISA, by purified VHH as described in Example 
7. 

Figure 4. ELISA to test inhibition by VHH of binding of vWF to collagen as described in 
10 Example 9. 

Figure 5. Western blot showing expression of A3 domain of vWF as a fusion with Oprl on the 
surface of E.coli as described in Example 11. 

Figure 6. Restriction map of multiple cloning site of PAX01 1 for construction of bivalent or 
bispecific nanobodies. 

15 Figure 7. Binding in ELISA to purified vWF, for monovalent versus bivalent and bispecific 
VHH as described in Example 13. 

Figure 8. Stability of bispecifc VHH in human plasma upon incubation at 37°C for up to 24 
hours as described in Example 15. 

Figure 9. Interactions involved in the first steps of platelet aggregation. A VHH is indicated 
20 inhibiting the interaction between vWF and platelets. 

Figure 10. Western blot showing expression of A1 domain of vWF as a fusion with Oprl on 
the surface of E.coli as described in Example 18. 

Figure 11. Binding to vWF as determined by ELISA, by purified VHH as described in 
Example 20. 

25 Figure 12. Inhibition of binding of gplb to VWF by A50 and A38 (negative control) as 
described in Example 21 . 

Figure 13. Interactions involved in the first steps of platelet aggregation. A bispecific 
constructs is indicated with one VHH specific for vWF and inhibiting the interaction between 
vWF and collagen and the second VHH specific for vWF but inhibiting the interaction between 
30 vWF and platelets. 

Figure 14. Binding in ELISA to vWF as described in Example 28. 

Figure 15. Interactions involved in the first steps of platelet aggregation. A VHH is indicated 
specific for collagen and inhibiting the interaction between vWF and collagen. 
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Figure 16. Binding of purified VHH to collagen type I and type III in ELISA as described in 
Example 34. 

Figure 17. Phage ELISA to show that HSA-specific nanobodies are present in the library as 
described in Example 44. 

Figure 18. Binding of phages expressing the albumin binders, to plasma blotted on 
nitrocellulose as described in Example 48. 

Figure 19. Coomassie staining of plasma samples on SDS-PAGE as described in Example 
48. 

Figure 20. Binding of purified nanobodies to mouse albumin as determined by ELISA as 
described in Example 50. 

Figure 21. Bispecific constructs with one VHH binding to albumin and a second VHH binding 
to vWF for improvement of half-life as described in Example 51 . 

Figure 22. Sandwich ELISA showing the functionality of both VHHs in a bispecific construct 
as described in Example 53. 

Figure 23. Interactions involved in the first steps of platelet aggregation. A VHH is indicated 
specific for gplb and inhibiting the interaction between vWF and platelets. 
Figure 24. Residual activity for C37 stored at -20°C as compared to C37 incubated at 37°C 
for up to 194 hours. C37 stability is compared to stability of a scFv specific for B3 antigen and 
a stabilized form, dsFv (stabilized by 2 disulphide bonds) as described in Example 61. 
Figure 25. Inhibitory activity for C37 stored at -20°C as compared to C37 incubated at 37°C 
for 1 year as described in Example 61. 

Figure 26. Binding of vWF from human plasma to C37 immobilized in acrylamide as 
described in Example 62. 

Figure 27. Amino acid alignment of C37 with human germline sequence DP-47 as described 
in Example 63. 

Figure 28. Inhibition of binding of vWF to collagen as determined by ELISA for C37 and C37 
hum as described in Example 64. 

Figure 29. Binding of A1 1, A12, A13, A14, A15 and A16 clones to rA1 as measured in ELISA 
Figure 30. Binding of A11, A12, A13, A14, A15 and A16 clones to vWF as measured in 
ELISA 
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TABLES 

Table 1. Immunization scheme used for llama 002 according to Example 1. 
Table 2. Plaque forming units (pfu) after one or two round(s) of panning on vWF as compared 
5 to PBS-casein as described in Example 4. Pfu vWF (antigen) divided by pfu casein (a specific 
binding) = enrichment 

Table 3. Number of inhibitors versus the number of clones tested after the first and the 
second round of panning as described in Example 5. 

Table 4. Yield (mg/liter culture) after expression and purification of VHH grown in WK6 E.coli 
10 cells as described in Example 6. 

Table 5. OD 405 nm for binding of VHH in ELISA to vWF and 3 antigens that were also 
immunized in IIama002 according to Example 8. 

Table 6. Concentration of VHH (nM) needed to inhibit binding of vWF to collagen by 50% 
(IC50) as described in Example 9. 
15 Table 7. Epitope mapping of VHH binding to vWF and inhibiting the interaction with collagen 
as described in example 11. 

Table 8. Yields of purified protein (mg) per liter of culture for bivalent and bispecific VHHs as 
described in Example 12. 

Table 9. IC50 values for monovalent as compared to bivalent and bispecific VHHs. Inhibition 
20 was tested with human, pig and baboon plasma as described in Example 14. 

Table 10. Inhibition of platelet aggregation at high shear (1600 s~ 1 ) as described in Example 
16. 

Table 11. Inhibition of platelet aggregation at low shear (300 s" 1 ) as described in Example 16. 
Table 12. Plaque forming units (pfu) after one round of panning on vWF as described in 
25 Example 17. Pfu vWF (antigen) divided by pfu casein (a-specific binding) = enrichment. 

Table 13. Results of screening in ELISA of individual colonies for binding to vWF and to the 
A1 domain of vWF as described in Example 18. 

Table 14. Results after one round of MATCHM on pBAD-Oprl-A1 cells as described in 
Example 19. 

30 Table 15. Inhibition of platelet aggregation at high shear (1600 s* 1 ) as described in Example 
23. 

Table 16. Inhibition of platelet aggregation at low shear (300 s" 1 ) as described in Example 23. 
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Table 17. Inhibition of platelet aggregation at high shear (1600 s* 1 ) as described in Example 
25. 

Table 18. Inhibition of platelet aggregation at low shear (300 s' 1 ) as described in Example 25. 
Table 19. Yields after expression and purification of bispecific constructs as described in 
5 Example 27. 

Table 20. IC50 values for bispecifici nanobodies for the A1 and A3 domain of vWF as 
described in Example 29. 

Table 21. Inhibition of platelet aggregation at high shear (1600 s" 1 ) as described in Example 
30. 

10 Table 22. Inhibition of platelet aggregation at low shear (300 s' 1 ) as described in Example 30. 
Table 23. Plaque forming units (pfu) after one round of panning on collagen type I as 
described in Example 31. Pfu vWF (antigen) divided by pfu casein (a-specific binding) = 
enrichment. 

Table 24. Number of clones binding to collagen type I and type ill after one round of selection 
15 as described in Example 32. 

Table 25. Immunization scheme for human serum albumin according to example 41. 

Table 26. Results after one and two rounds of panning on mouse serum albumin as 

described in Example 45. 

Table 27. Clones were selected after one and two rounds of selection and periplasmic 
20 extracts were prepared. These clones were analyzed in ELISA for binding to human and 
mouse albumin as described in Example 46. 

Table 28. IC50 values for bispecific nanobides against albumin and against vWF as 
described in Example 54. 

Table 29. Sequences of the primers used for humanization of C37 as described in Example 
25 64. 

Table 30. Amino acid sequence listing of the peptides of the present invention and of human 
von Willebrand factor (vWF). The sequence of human vWF indicates A1 and A3 domains 
respectively in bold lettering. 

Table 31. Results after two panning rounds on rA1 domain of vWF as described in Example 
30 66. 

Table 32. ELISA analyses of selected clones for binding to rA1 and vWF as described in 
Example 67. 



WO 2004/062551 PCT/BE2004/000002 



81 



Table 1: Immunization scheme used for llama 002 according to Example 1. 



Llama002 
Day of immunization 


vWF 


Collagen 
Type I 


Collagen 
Type III 


0 


100 jig 


100 jig 


100 jig 


7 


100 jig 


100 jig 


100 jig 


14 


50 jig 


50 jig 


50 jig 


21 


50 jig 


50 jig 


50 jig 


28 


50 jig 


50 jig 


50 jig 


35 


50 jig 


50 jig 


50 jig 



5 Table 2: Plaque forming units (pfu) after one or two round(s) of panning on vWF as 
compared to PBS-casein as described in example 4. Pfu vWF (antigen) divided by pfu 
casein (a specific binding) = enrichment. 



round 


Pfu vWF 


Pfu casein 


Enrichment 


First 


1 x10 7 


2.5 x 10 s 


40 


Second 


5x10" 


2.5 x10 6 


200 



10 Table 3: Number of inhibitors versus the number of clones tested after the first and the 
second round of panning as described in Example 5. 



round 


Number of inhibitors versus 
number of clones tested 


First 


4/800 


Second 


4/96 



Table 4: Yield (mg/liter culture) after expression and purification of VHH grown in WK6 
15 £.co// cells as described in Example 6. 



Name VHH 


Yield (mg/liter culture) 


22-2L-34 


1.4 
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T76 


2.9 


AM-4-15-3 


2.2 


22-4L-16 


2.8 


C37 


3.8 


AM-2-75 


3.6 



Table 5: OD 405 nm for binding of VHH in ELISA to vWF and 3 antigens that were also 



immunized in Ilama002 according to Example 8. 



OD4Q5 nm 


vWF 


Antigen 1 


Antigen 2 


Antigen 3 


nM 


670 


67 


6.7 


670 


67 


6.7 


670 


67 


6.7 


670 


67 


6.7 


T76 




mm, 


0.13 


0.05 


0.05 


0.05 


0.06 


0.06 


0.04 


0.04 


0.04 


0.03 


22-2L-34 


m 




PJ3T20J 


0.06 


0.0 


0.10 


0.10 


0.07 


0.05 


0.06 


0.05 


0.03 


22-4L-16 


m 


mm 


ioMiB 


0.08 


0.10 


0.11 


0.15 


0.11 


0.05 


0.08 


0.07 


0.03 


C37 




m 


m. 


0.10 


0.10 


0.12 


0.12 


0.11 


0.08 


0.10 


0.08 


0.06 


AM-2-75 


m 




wm 


0.09 


0.11 


0.12 


0.14 


0.11 


0.09 


0.10 


0.13 


0.05 


AM-4-15^3 






mm 


0.09 


0.12 


0.12 


0.12 


0.11 


0.10 


0.10 


0.10 


0.08 



5 

Table 6: Concentration of VHH (nM) needed to inhibit binding of vWF to collagen by 



50% (IC50) as described In Example 9. 



Name VHH 


IC50 (nM) human 
plasma 1/60 


IC50 (nM) undiluted 
human plasma 


22-2L-34 


10 




T76 


30 




AM -4-1 5-3 


7 


200 


22-4L-16 


4 


1000 


C37 


3 




AM-2-75 


2 


100 



10 
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Table 7: Epitope mapping of VHH binding to vWF and inhibiting the interaction with 
collagen as described in Example 11. 



Name VHH 


Binding to A3 domain of vWF 


22-2L-34 


Yes 


T76 


No 


22-4L-16 


No 


C37 


Yes 


AM-2-75 


Yes 



Table 8: Yields of purified protein (mg) per liter of culture for bivalent and bispecific 
VHHs as described in Example 12. 



NH2-terminal VHH 


COOH-terminalVHH 


Yield mg/liter culture 


AM-2-75 


AM-4-15-3 


3.2 


AM-4-15-3 


AM-4-15-3 


2.3 


AM-4-15-3 


AM-2-75 


4.0 


AM-2-75 


AM-2-75 


1.0 


AM-2-75 


22-4L-16 


3.0 



Table 9: IC50 values for monovalent as compared to bivalent and bispecific VHHs. 
Inhibition was tested with human, pig and baboon plasma as described in Example 14. 



First VHH 


Second 
VHH 


IC50 (ng/ml) 
human plasma 


IC50 (ng/ml) baboon 
plasma 


IC50 (ng/ml) pig 
plasma 


AM-2-75 




150 


400 


50 


AM-4-15-3 




50 


200 


40 


22-4L-16 




15 


70 


7 


AM-2-75 


AM-4-15-3 


3 


5 


6 


AM-4-15-3 


AM-2-75 


2 


8 


3 


AM-4-15-3 


AM-4-15-3 


5 


10 


7 


AM-2-75 


22-4L-16 


8 


20 


10 


AM-2-75 


AM-2-75 


5 
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Table 10: Inhibition of platelet aggregation at high shear (1600 s' 1 ) as described in 
Example 16. 





Concentration 
Qig/ml] 


% inhibition 


AM-2-75 


0.2 


0 


AM-2-75 


0.3 


12 


AM-2-75 


0.4 


56 


AM-2-75 


0.6 


97 


AM-2-75 


0.8 


96 


AM-4-15-3 


0.05 


0 


AM-4-15-3 


0.1 


75 


AM-4-15-3 


0.25 


74 


AM-4-15-3 


0.5 


86 


AM-4-15-3 


1 


91 


22-4L-16 


0.1 


32 


22-4L-16 


0.5 


54 


22-4L-16 


0.75 


86 


22-4L-16 


2 


97 


22-4L-16 


10 


99 


AM-4-15-3/AM-4-15-3 


0.05 


0 


AM^-15-3/AM-4-15-3 


0.075 


23 


AMwt-15-3/AM-4-15-3 


0.1 


37 


AM-4-15-3/AM-4-15-3 


0.15 


56 


AM-4-15-3/AM-4-15-3 


0.2 


98 


AM-4-15-3/AM-4-15-3 


1.9 


100 


AM-4-15-3/AM-2-75 


1.9 


100 


AM-2-75/AM-4-15-3 


0.05 


2 


AM-2-75/AM-4-15-3 


0.1 


36 


AM-2-75/AM-4-15-3 


0.2 


96 


AM-2-75/AM-4-15-3 


0.35 


91 
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AM-2-75/AM-4-15-3 


0.4 


98 


AM-2-75/AM-2-75 


0.04 


5 


AM-2-75/AM-2-75 


0.1 


26 


AM-2-75/AM-2-75 


0.2 


52 


AM-2-75/AM-2-75 


0.3 


80 


AM-2-75/AM-2-75 


0.4 


99 


AM-2-75/AM-2-75 


0.83 


100 


AM-2-75/22-4L-16 


1.17 


99 



Table 11: Inhibition of platelet aggregation at low shear (300 s' 1 ) as described in 
Example 16. 





Concentration 
[ng/ml] 


% inhibition 


AM-2-75 


10 


20 


AM-4-15-3 


10 


17 


22-4L-16 


10 


22 


AM-4-15-3/AM-4-15-3 


10 


23 


AM-4-15-3/AM-2-75 


10 


21 


AM-2-75/AM-4-15-3 


10 


18 


AM-2-75/AM-2-75 


2 


32 


AM-2-75/22-4L-16 


10 


13 



Table 12: Plaque forming units (pfu) after one round of panning on vWF as described 
5 in Example 17, Pfu vWF (antigen) divided by pfu casein (a-specific binding) = 
enrichment. 



Pfu vWF 


Pfu casein 


Enrichment 


1.5 x10 7 


1 x 10 4 


1.500 



Table 13: Results of screening in ELISA of individual colonies for binding to vWF and 
to the A1 domain of vWF as described in Example 18. 



No. clones +ve for vWF / No. tested 


No. clones +ve for A1 / No. tested 


344/380 


5/570 



10 
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Table 14: Results after one round of MATCHM on pBAD-Oprl-A1 cells as described in 
Example 19. 



Round 


No. clones +ve for vWF / No. tested 


No. clones +ve for A1 / No. tested 


First 




1/96 


second ' 


45/348 


12/348 



Table 15: Inhibition of platelet aggregation at high shear (1600 s" 1 ) as described in 
5 Example 23. 





Concentration 
[ng/ml] 


% inhibition 


2A1-4L-129 


13.5 


26 


2A1-4L-129 


20 


50 


2L-A1-15 


9.7 


30 


2L-A1-15 


25 


45 


A50 


10.2 


20 


2A1-4L-79 


11.1 


20 


2A1-4L-34 


11.1 


3 


Z29 


10.6 


0 


I53 


9.7 


0 


M53 


10.6 


0 



Table 16: Inhibition of platelet aggregation at low shear (300 s" 1 ) as described in 
Example 23. 





Concentration 
[ug/ml] 


% inhibition 


2A1-4L-129 


10 


0 


2L-A1-15 


10 


3 


A50 


25 


0 


2A1-4L-79 


25 


15 



10 
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Table 17: Inhibition of platelet aggregation at high shear (1600 s" 1 ) as described in 
Example 25. 





Concentration 
tug/ml] 


% inhibition 


2A1-4L-79/2A1-4L-79 


25 


54 


2LA1-15/2LA1-15 


25 


45 



Table 18: Inhibition of platelet aggregation at low shear (300 s" 1 ) as described in 
5 Example 25. 



10 





Concentration 
[ng/ml] 


% inhibition 


2A1-4L-79/2A1-4L-79 


25 


0 


2LA1-15/2LA1-15 


25 


23 



Table 19: Yields after expression and purification of bispecific constructs as described 
in Example 27. 



NH2 terminal VHH 


COOH-terminalVHH 


Yield mg/liter culture 


2A1-4L-79 


AM-4-15-3 


7.5 


2A1-4L-79 


AM-2-75 


2 


2A1-4L-79 


22-4L-16 


2.5 


Table 20: IC50 values for bispecifici nanobodies for the A1 and A 
described in example 29. 


NH2-terminal VHH 


COOH-terminalVHH 


IC50 (ng/ml) 




2A1-4L-79 


AM-4-15-3 


10 




AM-4-15-3 




45 




2A1-4L-79 


AM-2-75 


12 




AM-2-75 




40 




2A1-4L-79 


22-4L-16 


10 




22-4L-16 




10 




2A1-4L-79 




>10000 
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Table 21: Inhibition of platelet aggregation at high shear (1600 s' 1 ) as described in 
Example 30. 





Concentration 
[ng/ml] 


% inhibition 


2A1-4L-79/AM-4-15-3 


12 


100 


2A1-4L-79/AM-2-75 


0.02 


0 


2A1-4L-79/AM-2-75 


0.1 


28 


2A1-4L-79/AM-2-75 


0.5 


79 


2A1-4L-79/AM-2-75 


1 


95 


2A1-4L-79/22-4L-16 


12 


96 



5 Table 22: Inhibition of platelet aggregation at low shear (300 s 1 ) as described in 
Example 30. 





Concentration 
[Hg/ml] 


% inhibition 


2A1-4L-79/AM-4-15-3 


10 


15 


2A1-4L-79/AM-2-75 


10 


25 


2A1-4L-79/22-4L-16 


10 


27 



Table 23: Plaque forming units (pfu) after one round of panning on collagen type I as 
10 described in Example 31. Pfu vWF (antigen) divided by pfu casein (a-specific binding) 



= enrichment. 



Phages eluted from collagen type I 


5x10 6 


Phages eluted from casein 


4x10* 


Enrichment 


100 
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Table 24: Number of clones binding to collagen type I and type III after one round of 
selection as described in Example 32. 



Collagen Type 1 


15/32 


Collagen Type III 


7/32 


Casein 


0/32 



Table 25: Immunization scheme for human serum albumin according to Example 41. 



Day of immunization 


HSA 
Llama006 


0 


100 ug 


7 


100 ug 


14 


50 ug 


21 


50 ug 


28 


50 ug 


35 


50 ug 



Table 26: Results after one and two rounds of panning on mouse serum albumin as 
described in Example 45. 





First round 


Second round 


Pfu mouse serum albumin 


2.5 x10 7 


2.5 x10 7 


Pfu casein 


5x10 3 


2.5 x10 3 


Enrichment 


5.000 


10.000 



Table 27: Clones were selected after one and two rounds of selection and periplasmic 
extracts were prepared. These clones were analyzed in ELISA for binding to human 
and mouse albumin as described in Example 46. 





First round 


Second round 


ELISA mouse serum albumin 


1/16 


15/16 


ELISA human serum albumin 


1/16 


15/16 


ELISA casein 


0/16 


0/16 
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Table 28: IC50 values for bispecific nanobldes against albumin and against vWF as 
described in Example 54. 





IC50 (ng/ml) 


AM-2-75 


100 


MSA21/AM-2-75 


60 


AM-4-15-3 


155 


MSA21/AM-4-15-3 


245 


22-4L-16 


100 


MSA21/22-4L-16 


140 



5 Table 29: Sequences of the primers used for humanization of C37 as described in 
Example 64. 



Mutation 


Template 


Primer sequence 


A74S+N75 
K+P84A 


Wild 
type 


5 ' -AGA GAC AAC TCC AAG AAC ACG CTG TAT CTG CAA 
ATG AAC AGC CTG AGA GCT GAG GAC ACG- 3' 

Arg Asp Asn Ser Lys Asn Thr Leu Tyr Leu Gin 
Met Asn Ser Leu Arg Ala Glu Asp Thr 


A74S+N75 
K+P84A+R 
94K 


A74S+N75 
K+P84A 


5' -AT TAC TGT GCT AAA GGG GCC GGT ACT AGT T-3' 
Tyr Cys Ala Lys Gly Ala Gly Thr Ser 


N28T+N30 
S 

A74S+N75 
K+P84A+R 
94K 


A74S+N75 
K+P84A+R 
94K 


5' -TCC TGT GCA GCC TCC GGA TTC ACT TTC AGT TGG 
TA-3' 

Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Trp 



Table 30: Amino acid sequence listing of the peptides of the present invention and of 
10 human von Willebrand factor (vWF). The sequence of human vWF indicates A1 and A3 
domains respectively in bold lettering. 



NAME 


SEQ 


SEQUENCE 




ID NO 
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• •'V.' '* *?HbltVi 






C37 


l 


y v yljy&o vjooJu V y ir oO&xjkxj ovjinour i\ r IN yy x Jr 1*1 o Vv V KyAlr vjJVoJjEi w vollo 
TYGEPRYADS VKGRFT I SRDNAIWI^ YLQMNSLRP EDTAVYYCARGAGTS S Y 
LPQRGNWDQGTQVTISS 


C37- 
hum 


2 


QVQLQESGC^IjVyPUijfaijKijbV-^ xroWx^MbWvKUAFGftOljEiWVbx lb 
TYGEPRYAD SVKGRFT I SRDNS KNTLYLQMNSLRAEDTAVYYCAKGAGTS S Y 
LPQRGNWDQGTQVTI S S 


AM-2- 
75 


3 


QVQLQESGGGLVQPGGSLRLS CAASGFNFNw 

TYGEPRYADSVKGRFTISRDNANNTLYLQMNSLRPEDTAVYYCARGAGT 
LPQRGNWDQGTQVTVS S 


22-2L- 
34 


4 


QVQLQDSGGGL VQAGGSLRLS CAASVRI FTS YAMGWFRQAPGKEREFVAAIN 
RSGKSTYYSDSVEGRr Tx bKDJNIAKN i v b JjyiVIJJb JjKxjfciJJ 1 AV x x LAAU x boo x 
TSLWSRPERLDWGQGTQVTVFS 


22-4L- 
16 


5 


QVQLVESGGGLVQAGGSLRLSCAASGRTFS SYAMGWFRQAPGKEREFVAAI S 

WSGGSTYYADSVKGRFTISRDNAKNTVYLQMNSLKPEDTA 

WIRTQGYNYWGQGTQVTVSS 


T76 


6 


QVQLQESGGGLVQPGESLRLSCfU\SGb± r bINTIVlGWx GQAPGKyRBXjVAb I x 
FGGVTNYAD SVKGRFT I SRDNTNDTVYLQMNSLKPEDTAVY I CNAVTWGGLT 
NYWGQGTQVTVSS. 


AM-4- 
15-3 


7 


QVQLQDSGGGLVQPGGSLRLACAASGS I FS INSMGWYRQAPGKQRELVAHAL 
ADGSAS YRDSVKGRFT I SRDNAKNTVYLQMNSLKPEDTAVYYCNTVPS SVTK 
GYWGQGTQVTVSS 








AM-4- 
15- 
3/AM- 
4-15-3 


8 


QVQLQDSGGGLVQPGGSLRLACAASGS I FS INSMGWYRQAPGKQRELVAHAL 
ADGSA5 YRDS VKGRFTI SRDNAKNTVYLQMNSLKPEDTAWYCNTVPS SVTK 
GYWGQGTQVWSSEPKTPKPQPAAAQVQLQDSGGGLVQPGGSLRLACAASGS 
IFS INSMGWYRQAPGKQRELVAHALADGSASYRDSVKGRFTISRDNAKNTVY 
LQMNSLKPEDTAVYYCNTVPSSVTKGYWGQGTQVWS S 


AM-4- 
15- 
3/AM- 
2-75 


9 


QVQLQDSGGGLVQPGGSLRLACAASGS I FS INSMGWYRQAPGKQRELVAHAL 
ADGSAS YRDSVKGRFTISRDNAKNWYLQMNSLKPEDTAVYYCNTVPSSVTK 
GYWGQGTQVTVSSEPKTPKPQPAAAQVQLQESGGGLVQPGGSLRLSCAASGF 
NFNWYPMSWVRQAPGKGLEWVSTISTYGEPRYADSVKADSPSSETTPTTRCI 
CNEQPETEDTAVYYCARGAGTS S YLPQRGNWDQGTQVTVSS 


AM-2- 

75/AM- 

4-15-3 


10 


QVQLQESGGGLVQPGGSLRLSC^ASGFNFNWYPMSWVRQAPGKGLEWVSTIS 
TYGEPRYADSVKGRFTI SRDNANNTLYLQMN SLRPEDTAVYYCARGAGTS S Y 
LPQRGNWDQGTQVTVSSEPKTPKPQPAAAQVQLQDSGGGLVQPGGSLRl^CA 
ASGS I FS INSMGWYRQAPGKQRELVAHALADGSAS YRDSVKGRFT I SRDNAK 

vrnr? tvt r\urKi o t vnTyTYP 7\ t tvv rnvi'i'v 7"D o CT TT» Vf^VTAir' r>n r T i r\\]*v\ TOO 
JM X V IXjyrlJMoxjlvirrjiJlAV 1 x v^JM 1 vrobv X I^biWIjywiyv X Voo 


AM-2- 

75/AM- 

2-75 


11 


QVQLQESGGGLVQPGGSLRLSCAASGFNFNWYPMSWVRQAPGKGLEWVSTIS 
TOGEPRYADSVKGRFTISRDNANNTLYLQMNSLRPEDTAVYYCARGAGTSSY 
LPQRGNWDQGTQVl^SSQVQLQESGGGLVQPGGSLRLSCAASGFNFNWYPMS 
WVRQAPGKGLEWSTISTYGEPRYADSVKGRFTISRDNANNTLYLQMNSLRP 
EDTAVYYCARGAGTS S YL PQRGNWDQGTQVTVS S 


AM-2- 

75/22- 

4L-16 


12 


QVQLQESGGGLVQPGGSLRLSCAASGFNFNWYPMSWVRQAPGKGLEWVSTIS 
TYGEPRYADSVKGRFTISRDNANNTLYLQMNSLRPEDTAVYYCARGAGTSSY 
LPQRGNWDQGTQVTV S SEPKTPKPQPAAAQVQLVESGGGLVQAGGSLRLSCA 
ASGRTFS SYAMGWFRQAPGKEREFVAAI SWSGGSTYYADSVKGRFTI SRDNA 
KNTVYLQMNSLKPEDTAVYYCVADTGGI S WI RTQGYNYWGQGTQVTVS S 


"-■ .>: 




Anti-yWF VHH + aiitx.-mpu^ei : ^eriim .y^j" V 
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MSA21/ 

AM-2- 

75 


13 


QVQLQESGGGLVQPGGSLRLSCEASGFTFSRFGMTWVRQAPGKGVEWVSGIS 
SLGDSTLYADSVKGRFTSRDNAKNTLYLQMNSLKPEDTAVYYCTIGGSLNPG 
GQGTQVTVSSEPKTPKPQPAAAQVQLQESGGGLVQPGGSLRLSCAASGFNFN 
WYPMSWVRQAPCxKvxuiiW vbl Xb .L iborKX/^oVAiUJorooCiI ixrl IKv, XLXMEi 
QPETEDTAVYYCARGAGTSSYLPQRQWDQGTQVTVSS 


MSA21/ 

AM-4- 

15-3 


14 


QVQLQESGGGLVQPGGSLRLSCEASGFTFSRFGMTWVRQAPGKGVEWVSGIS 
S LGDS TL YADSVXGRFTSRDNAKNTLYLQMNSL KPEDTAVYYCTI GGS LNPG 
GQGTQVTVSSEPKTPKPQPAAAQVQLQDSGGGLVQPGGSLRIiACAASGSIFS 
INSMGWYRQAPGKQRELVAHALADGS AS YRDS VKGRFT I SRDNAKNTVYLQM 
NSLKPEDTAVYYCIxrrVPbbVIKCj i Vbb 


MSA21/ 
22-4L- 
16 


15 


QVQLQESGGGLVQPGGSLRLSCEASGFTFSRFGMTWVRQAPGKGVEWVSGIS 
SLGDSTLYADSVKGRFTSRDNAKNTLYLQMNSIjKPEDTAVYYCTIGGSLNPG 
GQGTQVTVSSEPKTPKPQPAAAQVQLVESGGGIjVQAGGSIjRLSCAASGRTFS 

syamgwfrqapgkerefvaaiswsggstyyadsvkgrftisrdnakntvylq 
mnslkpedtavyycvadtggiswirtqgynywgqgtqvtvss 




' • «- ^- - 




MSA21 


16 


qvqlqesggglvqpggslrlsceasgftfsrfgmtwvrqapgkgvewvsgis 

SLGDS TL YAD S VKGRFT I SRDNAKNTL YLiQMNS LKPEDTAVYYCT I GGbljNP 
GGQGTQVTVSS 


MSA24 


17 


QVQLQESGGGLVQPGNSLRLSCAASGFTFRNFGMSWVRQAPGKEPEWVSSIS 
GSGSNTI YADS VKDRFTI SRDNAKSTL YLQMNSLKPEDTAVYYCT IGGSLSR 
SSQGTQVTVSS 


MSA210 


18 


QVQLQESGGGLVQPGGSLRLTCTASGFTFSSFGMSWVRQAPGKGLEWVSAIS 
SDSGTKNYADSVKGRFTISRDNAKKMLFLQMNSLRPEDTAVYYCVIGRGSPS 
SQGTQVTVSS 


MSA212 


19 


QVQLQESGGGLVQPGGS IjRLTCTASGFTFRS FGMS WVRQAPGKGLEWVSAI S 

ADGSDKRYADSVKGRFTISRDnGKKMLTIjDMNSLKPEDTAVYY 

SQGTQVTVSS 


MSAcl6 


49 


AVQLVESGGGLVQAGDSIjRLSCVVSGrTF^ KyAFvjJ\JiKc*r VtjAXiv 
WSGTSTYYTDSVKGRFTI SRDNVKNTVYLQMNNLKPEDTGVYTCAADRDRYR 
DRMGPMTTTDFRFWGQGTQVTVS s 


TV/TO A/il 1 

Mb/lCXX 

2 


D u 


0"\nrr Q r^nT . VOTCrCJ QIVR T 1 S PA AS GRT FS S FAMGWFROA PGRERE FVAS I G 
S SGITTNYADSVKGRFTI SRDNAKNTVYLQMNSLKPEDTGLCYCAVNRYGI P 
YRSGTQYQNWGQGTQVTVSS 


MSAcll 
0 


51 


EVQIiEESGGGLVQPGGSLRL S CAASGLTFND YAMGWYRQAPGKERDMVATI S 
IGGRTYYADSVKGRFTISRDNAKNTVYLQMNSLKPEDTAIYYCVAHRQTVVR 
GP YLLWGQGTQVTVS S 


MSAcll 
4 


52 


QVQIiVESGGKLVQAGGSLRLSCAASGRTFSNYAMGWFRQAPGKEREFVAGSG 
RSNSYNYYSDSVKGRFTI SRDNAKNTVYLQMNSLKPEDTAVYYCAASTNLWP 
RDRNLYAYWGQGTQVTVSS 


MSAcll 
6 


53 


EVQLVES GGGLVQAGDSLRLS CAASGRS LGI YRMGWFRQVPGKERE FVAAI S 
WSGGTTRYLDS VKGRFTI SRDSTKNAVYLQMNSLKPEDTAVYYCAVDS SGRL 
YWTLSTSYDYWGQGTQVTVSS 
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MbAC-L-L 
9 


t>4 
o*± 


QVQLVEFGGGLVQAGDSLRLSCAASGRSLGIYKMAWFRQVPGKEREFVAAIS 
WSGGTTRYIDSVKGRFTLSRDNTKNMVYLQMNSLKPDDTAVYYCAV^ 
YWTLSTS YD YWGQGTQ VTVS S 


MSAcl5 




T?T7nTAn7qnnaT,VOAGGSLSLSCAASGRTFSPYTMGWFRQAPGKEREFLAGVT 
WSGS STF YGDS VKGRFTAS RDS AKOTVTLEMNSLNPEDTAVYYCAAAYGGGL 
YRDPRS YDYWGRGTQVTVS S 


MSclll 


56 


Tvir^T T7T?orv^r»T ^nannQT.PT.QPAA^UFTTiDAWPIAWFROAPGKEREGVSCIR 
DGTTYYADSVKGRFT I S SDNANNTVYLQTNSLKPEDTAVYYCAAP SGP ATGS 
SHTFGI YWNLRDDYDNWGQGTQVTVS S 


MS Ac 11 
5 


57 


tittat \7TPQnrzn voAnn^TiRT.^rAASGFTFDHYTIGWFROVPGKEREGVSCIS 
SSDGSTYYADSVKGRFTISSDNAKNTVYLQMNTLEPDDTAVYYCAAGGLLLR 
VEELQASDYDYWGQGIQVTVSS 


MSAC18 


58 


•att/^t Tmcp^PT •vrrmnr'CT pt QpTacnPTTiDYYATGWFROAPGKEREGVAClS 
xt nnp owvrn ciTTTPP TTTT QPHT\T AKTTVYTiOMNSLKPEDTAVYYCATADRHYS 
ASHHPFADFAFNSWGQGTQVTVSS 


MSAcl7 


59 


EVQLVE SGGGLVQAGG SLRLS CAAYGLT FWRAAMAWFRRAPGKERELVVAFJST 
WGDGSTRYADSVKGRFTI SRDNAKNTVYLQMNSLKPEDTAVYYCAAVRTYGS 
ATYDI WGQGTQVTVS S 


MSAC12 
0 


60 


mrr\r xTx^cnnnT T/nnrirZQT.PT.QPTFCjnRTFAMYAMGWFROAPGKEREFVAAIN 
RNGGTTNYADALKGRFTI SRDNTKNTAFLQMNSLKPDDTAVYYCAAREWPFS 
TIPS GWRYWGQGTQVTVS S 


MSAC14 


61 


DVQLVESGGGWVQPGGSLRLS CAASGPTAS SHAIGWFRQAPGKEREFWG IN 
RGGVTRD YADSVKGRFAVSRDNVKNTVYLQMNRLKPEDSAI YI CAARPEYS F 
TAMSKGDMD xmjKvsl xjv x Vbb 




%mmm 




2A1- 
4L- 

79/AM- 
4-15-3 


20 


QVQLQDSGGRLVKAGASLRIjS CAASGRTFS slpmawfrqapgkerefvaf ig 
SDS STLYTSSVRGRFTISRDNGKNTVYLQMMNLKPEDTAVYYCAARS SAFSS 
GIYYREGSYAYWGQGTQVTVSSEPKTPKPQPAAAQVQLQDSGGGLVQPGGSL 
RLACAASGS IF S INSMGVTxTlQAPGKQRELVAHAIiADGSASYRDSVKGRFTIS 
RDNAKNTVYLQMNSLKPEDTAVYYCNx VPbb V 1 iUj i VVLrytjx y v ivsi) 


2A1- 
4L- 

79/AM- 
2-75 


21 


QVQLQDSGGFJjVKAGASLRLSCAAbljKx r bbiJirin/iwr KVef/uroivciXvCir v/ir 
SDS STL YTS S VRGRFTI SRDNGKNTVYLQMMNLKPEDTAVYYCAARSSAFSS 
GI YYREGS YAYWGQGTQVTVS S E PKTPKPQPAAAQVQLQES GGGLVQPGGSL 
r>T or-i7v tv onT?xTT^TTATVDMQTAnrr?oaPrJK'riT ."RWV^TTftTYGEPRYADSVKADSPSS 
ETTPTTRCIC^EQPETEDTAVYYCARGAGTSSYLPQRGNWDQGTQVTVSS 


2A1- 
4L- 

4 

L-16 


22 


QVQLQDSGGRLVKAGASLRLS CAASGRTFS SLPMAWFRQAPGKEREFVAF IG 
m^onrrT vm ccxropp t Q prrornTfNFPWT lOMMKTTi KP EDTAVYYCAARS S AF S S 
G I YYREGS YAYWGQGTQVTV S S E PKTPKPQPAAAQVQLVESGGGLVQAGGSL 
RLSCAASGRTFSSYAMGWFRQAPGKEREFVAAISWSGGSTYYADSVKGRFTI 
S RDNAKNTVYLQMNS LKPEDTAVYYCVADTGG I S W I RTQGYNYWGQGTQVTV 
SS 








A50 


23 


QVQLQESGGGLVQAGGSLRLSCAASGRTFS SYRMGWFRQAPGKEREFVAAI S 
RRGDNVYYADS VKGRFAI SRDNAES TLYLQMNS LKPEDTAVYYCAAHVTVSA 
ITLSTSTYDYWGQGTQVTVSS 


153 


24 


QVQLQDS GGGLVQAGGS LRL S CAAS GRTKDMAWFRQP PGKERE FVAVI YS SD 

GSTLVAASVKGRFTISRDNAKNTVYLQMTSLKPADTAVYYCATS 

STSRYDYWTGGTQVTVSS 


229 


25 


QVQLQESGGGSVQAGDSLTLSCAASGRTFSMHAMGWFRQAPGKEREFVAAIS 
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P SAFTEYADSLKGRFTVS RDNAKKLVWLQMNGL KPEDTAAYY CAARRGAFTA 
TTAPL YD YWGQGTQVTVS S 


M53 


26 


n\7rrr nn q rcini .vn a rjp QT .PT i <3 PfiTSGRTFGRRAMAWFROAPGKEROFVAW I A 
RYDGSTLYADSVKGRFTI SRDDNKNTMYLHMNNLTP EDTAVYYCAAGPRGLY 
YES RYE YWGQGTL VTVS S 


2A1- 
4L-79 


27 


mrr\T ^nor»PDT WAPa CT/DT.CPA AQf2RTPC|CT,pMAWPPnAPfiKPRRl*^AFIG 
QV(jj_|CJl JSC nit ft ' > " ^ftlTAhljKiJLiLrtftDuftl IT OO JJxri'LrMnj 17 r^^-rVirvjjivci.r\..CjJ/ v-tt-c 

SDSSTLYTSSWGRFTISRDNGKNTVYLQMMNLKPEDTAVYYCAARSSAFSS 
GI YYREGS YAYWGQGTQ VTVS S 


2A1- 
4L-129 


28 


r\v7r\T'r\T?ar>r*r*T wrvAr'TV ct/dt CPA A QfTRQP^<3YPMAWPPf)APf3KP!PI^ FVVFTCi 
Q VQJjQrJiOotao'Jj vyA\jAoxjKJjoL*Aftooi\.Qr oo x jri'irtrvx' rt^^2rox\_ti»xvi2jr v v c 

nrv t T nnrr vc?t nTmp o w tgd TYM A VWT^rYT iOMMKTT iTCP PT"VT AVYYC 1 A AP W S AW S S 
g JJHo 1 XJ X O X o V KuKr 1 X. OI\XvJ>LAI\xN X v X Xj^riFlXNXJlvlr EjU XrYV X X\ — Mr^xvaN Qnii o o 

GI YYRETS YD YWGQGTQVTVS S 


2A1- 
4L-34 


29 


QVQLQD S GGGS VQAGASLRLS CAASGGTFS S YAMAWFRQAPGKEREFVGF I G 
SDGSTLYS S S VRGRFTI S RDNAKNTVALQMMNLKP EDTAVYYCAARARYS GI 
YYRETDYP YWGQGTQVTVS S 


2A1- | 
4L-78 : 


30 


QVQLQESGGGLVQAGASLRLS CTASGRS FGGFPMGWFRQAPGKEREFVSGLT 

nnv rrxm 7v 7vrk yvf 1 r> cm 7 c ttyktt 1 TTKTT^ 7VT ,OMM QT .TCP PFiT A VYYP A AP PDT >Y A Y 
Roxjr lv Y A* /o V KLtK H ivo xUJN x JMM x V xxj^i ruNoxjiN_t'XVL->x/^v x xuflAn.rujjmi. 

SRDPNEYDYWGQGTQVTVSS 


2LA1- 
15 


31 


QVQLQDS GGGLVQSGGSLRLACAAS GRI VST YAMGWFRQS PGKERE FVATVK 
GRFT I S RDNAKNTLYLQMNS LKPEDTAVYYCAKTKRTGI FTTARMVD YWGQG 
TQVTVSS 








2A1- 
4L- 

79/2A1 
-4L-79 


32 


QVQLQDSGGRLVKAGASLRIjS CAASGRTFS SLPMAWFRQAPGKERE FVAF IG 

SDS STLYTS S VRGRFTI SRDNGKNTVYLQMMNLKPEDTAVYYCAARS SAFSS 

GIYYREGSYAYWGQGTQVTVSSEPKTPKPQPAAAQVQLQDSGGRIjVKAGASL 

RLS CAASGRTFS SLPMAWFRQAPGKERE FVAFIGSDS STLYTS SWGRFTIS 

RDNGKNTVYLQM^ 

TVSS 


2LA1- 

15/2IoA 

1-15 


33 


QVQLQDSGGGLVQSGGSLRLACAASGRI VSTYAMGWFRQS PGKEREF VA1 VJK. 
GRFT I SRDNAKNTLYLQMNS LKPEDTAVYYCAKTKRTGI FTTARMVD YWGQG 
TQVTVSS EPKTPKPQPAAAQVQLQDSGGGLVQSGGSLPJCiACAASGR I VSTYA 
MGWFRQS PGKERE FVATVKGRFTI SRDNAKNxTjYLQMNbLIUPJkDlAV x x L-AJs. 
TKRTGIFTTARMVD YWGQGTQVTVS S 


A50/A5 
0 


34 


QVQLQESGGGLVQAGGSLRL S CAASGRTFSS YRMGWFRQAPGKEREFVAAI S 
RRGDlWYYADSVKGRFAI SRDIn AtS o x li x ljyMI>l bJuivr JiLTx A v I x w^Ain v x v da 
ITLSTSTYDYWGQGTQVTVSSEPKTPKPQPAAAQVQLQESGGGLVQAGGSLR 
LS CAASGRTFS SYRMGWFRQAPGKEREFVAAISRRGDNVYYADSVKGRFAIS 

RDNA ESTI j x IjQMN b LKF Hi U 1 A V X XLAAJtlv X V oAJ- xJ-io lo X IJJI WJ^y^jX y v x v 

SS 








3P1-31 


35 


QVQLQESGGGLVQAGGSLRLSCAASGRTFRRYAMGWYRQAPGKQRELVAAIT 
SGGRTSVADTVKGRFT I S SDNAKNTVYLQMNSLKPEDAAVTYCTLYNSTTOT 
YNQSPSSWGQGTQVTVSS 


3L-41 


36 • 


QVQLQDS GGGLVQAGGSLRLS CAASGRTFRRYAMGWYRQAPGKQRVLVAAIT 
SNGRP S VAD S VKGRFT I S SDTAKNTVYLQMNSLKP EDTAL YYCTL YNTSAD Y 
YNQSPSSWGQGTQVTVLS 


3P2-31 


37 


QVQLQESGGGLVQAGDSLRLSCAASGRTFTMGWFRQAPGKERQFVAALTWTG 
GSP VYAD S VKGRFTTWRVLDNNTVYLHMNS L KPEDTAVYHCAAARTYYGN I S 
EYYD YWGQGTQVTVS S 




■>;" /., v :• 
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C37-3 


38 


QVQLQESGGGLVQPGGSLRLSCAASGFNFNWYPMSWVRQAPGKGLEWVSTIS 
TVHT? P7? YARS VKGRFT I SRDNS KNTL YLOMNSLRAEDTAVYYCARGAGTS SY 
LPQRGNWDQGTQVTISS 


C37-4 


39 


QVQLQESGGGLVQPGGSIiRLSCAASGFNFNWYPMSWVRQAPGKGLEWVSTIS 
LPQRGNWDQGTQVTISS 


C37-8 


40 


EVQLLESGGGLVQPGGSLRLSCAASGFTFSWYPMSWVRQAPGKGLEWVSTIS 
TYGEPRYADS VKGRFTI SRDNS KNTLYIjQMNSLRAEDTAVYYCAKGAGTS S Y 
LPQRGNWDQGTQVTISS 


C37-10 


41 


EVQLLESGGGLVQPGGSLRLSCAASGFTFSWYPMSWVRQAPGKGLEWVSTIS 
TYGEPRYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKGAGTSSY 
LPQRGNWDQGTLVTVSS 






;vhh s : £3 * - * ' , - , - > 


MSA21/ 

C37- 

hum 


42 


QVQLQE SGGGLVQPGGSLRLS CEASGFTFSRFGMTWVRQAPGKGVEWVSG I S 
SLGDSTLYADSVKGRFTISRDNAKNTLYLQMNSLKPEDTAVYYCTIGGSLNP 
GGQGTQVTVSSEPKTPKPQPAAAQVQLQESGGGLVQPGGSLRLSCAASGFTF 
SWYPMSWVRQAPGKGLEWVb 1 lb X i^atrKiAUovJSSjKj: 1 XoKJJINoiun xJ-iiJjy 
MNSLRAEDTAVYYCAKGAGT S S YLPQRGNWDQGTQVTI S S 


MSA24/ 

C37- 

hum 


43 


QVQLQESGGGLVQPGNSLRLSG^SGFTFRNFGMSWVRQAPGKEPEWVSSIS 
GSGSNT I YAD S VKDRFTI SRDNAKSTLYLQMNSLKPEDTAVYYCT I GGSLSR 
SSQGTQVTVSSEPKTPKPQPAAAQVQLQESGGGLVQPGGSLRLSCAASGFTF 
S WYPMS WVRQAPGKGLEWVS T I STYGEPRYADS VKGRFTI fa RUN b KNx IiYXjQ 
MNS LRAEDTAVYYCZAKGAC? j. b o x Jj,f yKvjJN WJjyLi lyvixoo 


MSA210 
/ C37- 
hum 


44 


QVQLQE SGGGLVQPGGSLRLTCTASGFTFSSFGMS WVRQAPGKGLEWVS AIS 
SDSGTKNYADS VKGRFT I SRDNAKKMLFLQMNSLRPEDTAVYYCVIGRGS PS 
SQGTQVTVSSEPKTPKPQPAAAQVQLQE SGGGLVQPGGSLRLS CAASGFTFS 
WYPMSWVRQAPGKGLEWVST I STYGEPRYADSVKGRFTI SRDN SKNTLYLQM 
NSLRAEDTAVYYCAKGAGTb b I LiFyKijiN wuyijr lyvllbb 


MSA212 
/ C37- 
hum 


45 


QVQLQESGGGLVQPGGSLRLTCTASGFTFRS FGMSWVRQAPGKGLE WVSAI S 
ADGSDKRYADSVKGRFTISRDNGKKJ^TLDIWSLKPEDTAVYYCVIGRGSPA 
SQGTQVTVSSEPKTPKPQPAAAQVQLQESGGGLVQPGGSLRLS CAASGFTFS 
WYPMSWVRQAPGKGLEWVST I STYGEPRYAD SVKGRFTI SRDNS KNTLYLQM 
NSLRAEDTAVYYCAKGAGTS S YLPQRGNWDQGTQVTI S S 








3P1- 

31/3P2 

-31 


46 


QVQLQESGGGLVQAGGSLRLSCAASGRTFRRYAMGWYRQAPGKQRELVAAIT 
•S GGRTS VADTVKGRFT I S SDNAKNTVYLQMNSLKPEDAAVYYCTL YNS TTNY 
YNOSPS SWGQGTQVTVS SEPKTPKPQPAAAQVQLQESGGGLVQAGDSLRLS C 
AASGRTFTMGWFRQAPGKERQFVAALTWTGGSPVYADSVKGRFTTWRVLDNN 
TVYLHMNSLKPEDTAVYHCAAARTYYGNI SEYYDYWGQGTQVTVS S 


3L- 

41/3P2 
-31 


47 


QVQLQD SGGGLVQAGGSLRLS CAASGRTFRRYAMGWYRQAPGKQRVLVAAIT 
SNGRPSVAD SVKGRFTI SSDTAKNTVYLQMNSLKPEDTALYYCTLYNT SAD Y 
YNOS P S S WGQGTQVTVLS EPKTPKPQPAAAQVQLQESGGGLVQAGDSLRLS C 
AAS GRTFTMGWFRQAPGKERQFVAALTWTGGS PVYAD S VKGRFTTWRVLDNN 
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TVYLHMNSLKPEDTAVYHCAAARTYYGNI SE YYDYWGQGTQVTVS S 




? ... jVd»r. 


i.Cbrif ormationr spec^ ^vlr^-w^ . : S> :<*\?U 


All 




T? WVT ,VF qOGRTjVKAGASLRLSCAASGRTFS S LPMAWFRQAPGKEREFVAF IG 
cnq CTIiYTS SVRGRFTI S RDNGKNTVYLQMMNL KP EDTAVYYCAARS SAF S S 
GI YYREGS YAYWGQGTQVTVS S 


A12 


63 


QVQLVESGGGLVQAGGSLRLSCTASGRTFSTYALGWFRQVPGKGREFIAVIY 
WRDGS SLYSDSVKGRFTI SKDNAKNTVYLQMNSLKPEDTAVYy CANRHDSRG 
TYYSSRGYDYWGQGTQVTVSS 


A13 


64 


QVQLVESGGGLVQAGGSLRLSCAASGRTKDMAWFRQPPGKEREFVAVIYSSD 
GSTLVAAS VKGRFT I SRDNAKNTVYLQMTSLKP ADTAVYYCATS RGYS GTYY 
STSRYDYWGQGTQVTVSS 


A15 


65 


QVQLVESGGGLVQAGGSLRLSCAASGRTKDMAWFRQPPGKEREFVAVIYSSD 
GSTLVAASVTGRFT I SRDNAKNMVYLQMTSLKPADTAVYYCAS S RGYS GTYY 
STSRYDYWGQGTQVTVSS 








Human 
vWF 


48 


MIPARFAGVLLALALILPGTLCAEGTRGRSSTARCSLFGSDFVNTFDGSMYS 
FAGYC SYLLAGGCQKRS F S I IGDFQNGKRVSLS VYLGEFFDIHL FVNGTVTQ 
GDQRVSMPYASKGLYLETEAGYYKLSGEAYGFVARIDGSGNFQVLLSDRYFN 
KTCGLCGNFNI FAEDDFMTQEGTLTSDP YDFANSWAL S SGEQWCERAS PP SS 
SCNISSGEMQKGLWEQCQLLKSTSVFARCHPLVDPEPFVALCEKTLCECAGG 
LECACPALLEYARTCAQEGMVLYGWTDHS ACS P VCPAGMEYRQCVS PCARTC 
QSLHINEMCQERCVDGCSCPEGQLLDEGLCVESTECPCVHSGKRYPPGTSLS 
RDCNTCICRNSQWICSNEECPGECLVTGQSHFKSFDNRYFTFSGICQYLIiAR 
DCQDHS FS I VIETVQCMDRDAVCTRS VTVRIiPGLHNSLVKLKHGAGVAMDG 
QD IQLPIiLKGDLRI QHTVTASVRLS YGEDLQ^WDGRGRLLVKLS PVYAGKT 
CGLCGNYNGNQGDDFLTPSGLAEPRVEDFGNAWKLHGDCQDLQKQHSDPCAL 
NPRMTRFSEEACAVLTSPTFEACHRAVSPLPYLRNCRYDVCSCSDGRECLCG 
ALASYAAACAGRGVRVAWREPGRCELNCPKGQVYLQCGTPCNLTCRSLSYPD 
EECNEACLEGCFCPPGLYMDERGDCVPKAQCPCYYDGEIFQPEDIFSDHHTM 
CYCEDGFMHCTMSGVPGSLLPDAVLSSPLSHRSKRSLSCRPPMVTOjVCPADN 
LRAEGLECTKTCQNYDLEC^SMGCVSGCLCPPGIWRHENRCVALERCPCFHQ 
GKEYAPGETVKIGCNTCVCRDRKW 

FPGECQYVLVQDYCGSNPGTFRILVGNKGCSHPSVKCKKRVTILVEGGEIEL 

FDGEVNVKRPMKDETHFEWESGRYI ILLLGKALSWWDRHLS I SWLKQTY 

QEKVCGLCGNFDGIQl^LTSSNLQVEEDPVDFGNSWKVSSQCADTRKVPLD 

SSPATCHNNIMKQTMVDSSCRILTSDVFQDCNKLVDPEPYLDVCIYDTCSCE 

S IGDCACFCDT IAAYAHVCAQHGKWTWRTATLCPQS CEERNLRENGYECEW 

RYNSCAPACQVTCQHPEPLACPVQCVEGCHAHCPPGK^ 

PVCEVAGRRFASGKKVTLNPSDPEHCQICHCDVVNLTCEACQEPGGLVVPPT 

DAPVS PTTLYVEDISEPPIiHDFYCSRIjLDLVFLLDGS SRI1SEAEFEVI4KAFV 

VDMMERLRI SQKWVRVAVVEYHDGSHAYI GLKDRKRP SEIiRRI ASQVKYAGS 

QVASTSEVLKYTLFQIFSKIPRPEASRIALLLMASQEPQRMSRNFVRYVQGL 

KKKKVrVIPVGIGPHAI^KQIRLIEKQAPENKAFVLSSVDELEQQRDEIVSY 

LCDLAPEAPPPTLPPHMAQVTVGPGLRNSMVLDVAFVLEGSDKIGEADFNRS 

KEFMEEVIQRI^VGQDSIHVTVLQYSYMWVEYPFSEAQSKGDILQRVREIR 

YQGGNRTOTGIJOjRYLSDHSFLVSQGDREQAPNLVYMVTGNPASDEIK^ 

D IQWP IGVGPNANVQELERIGWPNAP I L IQD FETLPREAPDLVIjQRCCSGE 

GLQIPTLSPAPDCSQPLDVILLLDGSSSFPASYFDEMKSFAKAFISKANIGP 

rltqvsvlqygsittidvpwnvvpekahllslvdvmqreggpsqigdalgfa 
vrylt semhgarp gaskawilvtdvs vd s vd aaadaarsnrvtvfp igi gd 
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I [ RYDAAQLRILAGPAGDSNVVKLQRIEDLPTMVTLGNSFLHKLCSGFVRICMD 

EDGI^KRPGDWTLPDQCHTVTCQPDGQTLLKSHRVNCDRGLRPSCPNSQSP 
VKVEETCGCRWTCPCVCTGSSTRHIVTFIX^NPKIjTGSCSYVIjFQNKEQDLE 
VILHNGACS PGARQGCMKS I EVKHSAL S VELHSDMEVTVNGRLVS VP YVGGN 
MEVNVYGAIMHEVRFNHLGHIFTFTPQNNEFQLQLSPKTFASKTYGLCGI 
ENGANDFMLRDGTVTTDWKTLVQEWTVQRPGQTCQPILEEQCLVPDSSHCQV 
LLLPLFAECHKVLAPATFYAICQQDSCHQEQVCEVIASYAHLCRTNGVCVDW 
RTPDFC^SCPPSLVYNHCEHGCPRHCDGNVSSCGDHPSEGOT 
GSCVPEEACTQCIGEDGVQHQFLEAWVPDHQPCQICTCLSGRKVNCTTQPCP 
TAKAPTCGLCEVARLRQNADQCCPEYECVCDPVSCDLPPVPHCERGLQPTLT 
NPGECRPOTTCACRKEECKRVSPPSCPPHRLPT^ 

TVSCPLGYLASTATNDCGCTTTTCLPDKVCVHRSTIYPVGQFWEEGCDVCTC 
TDMEDAVMGLRVAQCS QKPCEDS CRSGFTYVLHEGECCGRCLP SACE WTGS 
PRGDSQSSWKSVGSQWASPENPCLINECVRVKEEVFIQQRNVSCPQLEVPVC 
PSGFQLSCKTSACCPSCRCERMEACMLNGTVIGPGOT 

GVISGFKLECRKTTCNPCPLGYKEENNTGECCGRCLPTACTIQLRGGQIMTL 
KRDETLQDGCTTHFCKVl^RGEYFWEKRVTGCPPFDEHKCLAEGGKIMKIPG 
TCCDTCEEPECNDITARLQYVKVGSCK^ 

DVQDQCSCCSPTRTEPMQVALHCTNGSVVYHEVLNAMECKCSPRKCSK 

Table 31: Results after two panning rounds on rA1 domain of vWF as described in 



Example 66 





First library 


Second library 


Third library 


Pfu rA1 


1 x10 8 


2x10' 


4x10 B 


Pfu casein 


2x10* 


2x10 4 


2x10* 


Enrichment 


5.000 


1.000 


200.000 



Table 32: ELISA analyses of selected clones for binding to rA1 and vWF as described 



in example 67 





First library 


Second library 


Third library 


ELISA rA1 


54/64 


51/64 


49/64 


ELISA vWF 


36/64 


35/64 


33/64 
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CLAIMS 

1 . A polypeptide construct comprising: 

- at least one single domain antibody directed against any of vWF, vWF A1 domain, A1 
domain of activated vWF, vWF A3 domain, gplb, or collagen. 

2. A polypeptide construct according to claim 1 , further comprising at least one single domain 
antibody directed against one or more serum proteins. 

3. A polypeptide construct according to claim 2 wherein said at least one serum protein is any 
of serum albumin, serum immunoglobulins, thyroxine-binding protein, transferring, or 
fibrinogen or a fragment thereof. 

4. A polypeptide construct according to claims 2 and 3, wherein at least one single domain 
antibody directed against one or more serum proteins corresponds to a sequence 
represented by any of SEQ ID NO: 16 to 19 and 49 to 61. 

5. A polypeptide construct according to any of claims 2 to 4 corresponding to a sequence 
represented by any of SEQ ID NOs: 1 3 to 1 5 and 42 to 45. 

6. A polypeptide construct according to claim 1 to 5 wherein at least one single domain 
antibody is a humanised sequence. 

7. A polypeptide construct according to claim 6 wherein at least one single domain antibody 
corresponds to a sequence represented by any of SEQ ID NOs: 38 to 41 and 42 to 45 

8. A polypeptide construct according to claim 1 corresponding to a sequence represented by 
any of SEQ ID NOs: 8 to 12, 20 to 22, 32 to 34, and 46 to 47. 

9. A polypeptide construct according to any of claims 1 to 8 wherein at least one single 
domain antibody is a Camelidae VHH antibody. 
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10. A polypeptide construct according to any of claims 1 to 9 wherein at least one single 
domain antibody corresponds to a sequence represented by any of SEQ ID NOs: 1 to 7, 23 to 
31,35 to 37 and 62 to 65. 

11. A polypeptide construct according to any of claims 1 to 10, wherein said single domain 
antibody is an homologous sequence, a functional portion, or a functional portion of an 
homologous sequence of the full length single domain antibody. 

12. A polypeptide construct according to any of claims 1 to 11, wherein said polypeptide 
construct is a homologous sequence of said polypeptide construct, a functional portion 
thereof, of an homologous sequence of a functional portion thereof. 

13. A nucleic acid encoding a polypeptide construct according to any of claims 1 to 12. 

14. A composition comprising a polypeptide construct according to any of claims 1 to 12 and 
at least one thrombolytic agent, for simultaneous, separate or sequential administration to a 
subject. 

15. A composition according to claim 14 wherein said thrombolytic agent is any of 
staphylokinase, tissue plasminogen activator, streptokinase, single chain streptokinase, 
urokinase and acyl plasminogen streptokinase complex. 

16. A polypeptide construct according to any of claims 1 to 12, or a nucleic acid according to 
claim 13, or a composition according to claims 14 and 15 for use in the treatment, prevention 
and/or alleviation of disorders relating to platelet-mediate aggregation or dysfunction thereof. 

17. Use of a polypeptide construct according to any of claims 1 to 12, or a nucleic acid 
according to claim 13, or a composition according to claims 14 and 15 for the preparation of 
a medicament for the treatment, prevention and/or alleviation of disorders relating to platelet- 
mediate aggregation or dysfunction thereof. 

18. A polypeptide construct, nucleic acid or composition according to claim 16 or a use of a 
polypeptide construct, nucleic acid or composition according to claim 17 wherein said 
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disorders are any arising from arising from transient cerebral ischemic attack, unstable or 
stable angina, angina pectoris, cerebral infarction, myocardial infarction, peripheral arterial 
occlusive disease, restenosis, coronary by-pass graft, or coronary artery valve replacement 
and coronary interventions such angioplasty, stenting, carotid endarterectomy or 
atherectomy. 

19. A polypeptide construct, nucleic acid or composition according to claim 16 or a use of a 
polypeptide construct, nucleic acid or composition according to claim 17 wherein said 
disorders are any of the formation of a non-occlusive thrombus, the formation of an occlusive 
thrombus, arterial thrombus formation, acute coronary occlusion, restenosis, restenosis after 
PCTA or stenting, thrombus formation in stenosed arteries, hyperplasia after angioplasty, 
atherectomy or arterial stenting, occlusive syndrome in a vascular system or lack of patency 
of diseased arteries. 

20. A polypeptide construct, nucleic acid or composition according to claim 16 or a use of a 
polypeptide construct, nucleic acid or composition according to claim 17 wherein said 
disorder is plaque or thrombus formation in high sheer environments. 

21. A polypeptide construct, nucleic acid or composition according to any of claims 16 ,18 to 
20 or a use of a polypeptide construct according to claim 17 to 20 wherein said polypeptide 
construct is administered intravenously, subcutaneously, orally, sublingualis topically, 
nasally, vaginally, rectally or by inhalation. 

22. A composition comprising a polypeptide construct according to any of claims 1 to 12, 16, 
18 to 21 or a nucleic acid encoding said polypeptide construct, or a composition according to 
claims 14 and 15 and a pharmaceutical^ acceptable vehicle. 

23. A method of producing a polypeptide according to any of claims 1 to 12, 16, 18 to 21, 
comprising 

(a) culturing host cells comprising nucleic acid capable of encoding a polypeptide according 
to any of claims 1 to 12, 16, 18 to 21 under conditions allowing the expression of the 
polypeptide, and, 

(b) recovering the produced polypeptide from the culture. 
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24. A method according to claim 23, wherein said host cells are bacterial or yeast. 

25. A method for treating invasive medical devices to prevent platelet-mediate aggregation 
around the site of invasion comprising the step of coating said device with a polypeptide 
construct according to claims 1 to 12. 

26. An invasive medical device for circumventing platelet-mediate aggregation around the site 
of invasion, wherein said device is coated with a polypeptide construct according to claims 1 
to 12. 

27. A method of identifying an agent that modulates platelet-mediated aggregation 
comprising 

(a) contacting a polypeptide construct according to claims 1 to 12 with a polypeptide 
corresponding to its target, or a fragment thereof, in the presence and absence of a candidate 
modulator under conditions permitting binding between said polypeptides, and 

(b) measuring the binding between the polypeptides of step (a), wherein a decrease in 
binding in the presence of said candidate modulator, relative to the binding in the absence of 
said candidate modulator identified said candidate modulator as an agent that modulate 
platelet-mediated aggregation. 

28. A kit for screening for agents that modulate platelet-mediated aggregation according to 
the method of claim 27. 

29. An unknown agent that modulates platelet-mediated aggregation identified according to 
the method of claim 27. 

30. A method of diagnosing a disease or disorder characterised by dysfunction of platelet- 
mediated aggregation comprising the steps of: 

(a) contacting a sample with a polypeptide construct according to claims 1 to 12, and 

(b) detecting binding of said polypeptide construct to said sample, and 

(c) comparing the binding detected in step (b) with a standard, wherein a difference in binding 
relative to said sample is diagnostic of a disease or disorder characterised by dysfunction of 
platelet-mediated aggregation. 
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31. A kit for screening for diagnosing a disease or disorder characterised by dysfunction of 
platelet-mediated aggregation according to the method of claim 30. 



32. A kit according to claim 28 or 31 comprising a polypeptide construct according to any of 
claims 1 to 12. 
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Figure 4 
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figure 6 



Jiindlll 

1 aagcttgcat gcaaattcta tttcaaggag acagtcataa tgaaatacct attgcctacg gcagccgctg gattgttatt 

MKY LLPT AAA GLLL 
< pelB-leader 

Sfil Ncol NotI PstI 

81 actcgcflrgcc cagccggcca. tggggcctaa taggcggccg cacaggtgca gctgcaggag tcataatgag ggacccaggt 
L A A QPA MGP- - A A A Q V QLQE S - - GTQV 
Leader >< VHHtfl > < VHH#2 

BstEII 

161 caccgtctcc tcagaacaaa aactcatctc agaagaggat ctgaatgggg ccgcacatca tcatcatcat cattaatgag 
TVS SEQ K L I SEED LNG A A H HHHH H - - 
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Figure 14 
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Figure 16 
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Figure 17 
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Figure 19 
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Figure 21 



vWF 




10/141? 



WO.2004/062551 



PCT/BE2004/000002 



13/19 



Figure 22 
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Figure 23 
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Figure 25 
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Figure 26 
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Figure 28 
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Figure 30 




10 100 1000 

Dilution periplasmic extract 



10000 



